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Am 28. November 2010 um 19:30 Uhr lief Polarstern von Kapstadt zur Antarktisreise 
ANT-XXVII/2 aus. Wir waren 44 Besatzungsmitglieder und 53 wissenschaftliche 
Fahrtteilnehmer/innen aus 12 Nationen an Bord. 
Zunächst führte der Kurs nach Südwesten. Am 29. und 30. November erfolgten die 
Inbetriebnahme der Labors und Anlagen, Einweisungen und Belehrungen. Die erste 
6WDWLRQ PLW GHU 0HVVXQJ HLQHV 7HPSHUDWXU XQG 6DO]JHKDOWVSURÀOV PLW GHU &7'
6RQGH&RQGXFWLYLW\7HPSHUDWXUH'HSWKEHJDQQDP1RYHPEHUXP87&
Von nun an lief die Forschung in vollem Gang. Nach ruhigen Verhältnissen beim 
Auslaufen hatte der Wind inzwischen zugenommen. Unser Kurs führte entlang einer 
/LQLHYRQYHUDQNHUWHQ3UHVVXUH,QYHUWHG(FKR6RXQGHUQ3,(6GLH]XU0HVVXQJGHV
'UXFNVDP0HHUHVERGHQXQGGHU6FKDOOODXI]HLWELV]XU0HHUHVREHUÁlFKHXQG]XUFN
dienen. Diese Daten werden genutzt, um die Schwankungen des Wassertransports 
und der vertikal gemittelten Temperatur des Antarktischen Zirkumpolarstroms über 
mehrere Jahre hinweg zu erfassen. Die Geräte werden am Meeresgrund  ausgesetzt. 
Auf ein akustisches Signal hin kommen sie nach Ablauf des Messzeitraums mit 
GHQ JHVSHLFKHUWHQ 'DWHQ DQ GLH0HHUHVREHUÁlFKH ]XUFN ZR VLH YRP 6FKLII DXV
aufgenommen werden. Leider konnten die ersten beiden aufzunehmenden PIES 
nicht wiedergefunden werden. Beim Auslegen des zweiten PIES traten Probleme 
DXIGDHUQDFKGHU$XVOHJXQJZLGHU(UZDUWHQDQGLH2EHUÁlFKH]XUFNNHKUWH'DV
VFKOHFKWH :HWWHU VFKOHFKWH 6LFKW XQG 6FKDXPNURQHQ HU]ZDQJ (LQVFKUlQNXQJHQ
beim Walbeobachtungsprogramm. Bei 46°01’S 5°51’O trafen wir am 4. Dezember 
den ersten Eisberg an. Am 7. Dezember erreichten wir bei 51°25’S den Meridian von 
Greenwich. Von hier aus ging es mit Kurs Süd bis zum antarktischen Kontinent. 
Während der gesamten Reise erfolgten Messungen von Temperatur, Salzgehalt und 
der Meeresströmung vom fahrenden Schiff aus. Entlang der Kurslinie wurden vertikal 
SURÀOLHUHQGH 'ULIWN|USHU )ORDWV YRP 7\S 1(02   1DYLJDWLQJ (XURSHDQ 0DULQH
2EVHUYHUXQG$3(;DXVJHOHJW,P:HGGHOOZLUEHOHUIROJWHGLH$XIQDKPHXQG$XVOHJXQJ
von Verankerungen, die Strömungs-, Temperatur- und Leitfähigkeitsmessgeräte, 
6FKDOOTXHOOHQ ]XU 2UWXQJ YRQ 'ULIWN|USHUQ )ORDWV DNXVWLVFKH 5HJLVWULHUJHUlWH
XQG (LVHFKRORWH XSZDUG ORRNLQJ VRQDU 8/6 ]XU 0HVVXQJ GHU (LVGLFNH WUXJHQ
6WDQGDUGPlLJZXUGHQ0HVVXQJHQPLWHLQHP&7'6\VWHPFRQGXFWLYLW\WHPSHUDWXUH
GHSWK DXVJHIKUW GDV PLW :DVVHUVFK|SIHUQ DXVJHVWDWWHW ZDU XP 3UREHQ ]XU
Bestimmung der Konzentration von gelösten Nährstoffen, Sauerstoff, Spurenstoffen 
XQG&22-Parameter zu erhalten. Ferner wurde das Wasser zur Messung biologischer 
Größen und zur Durchführung von Experimenten bereit gestellt.
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In der Nacht vom 9. auf 10. Dezember begegneten wir vereinzelten Bruchstücken 
]HUIDOOHQHU(LVVFKROOHQ$P'H]HPEHUZXUGHQVLHKlXÀJHU YHUEXQGHQPLWGHP
HUVWHQ6FKQHHIDOOXQGDP1DFKPLWWDJNDPHLQHIDVWJHVFKORVVHQH(LVGHFNHLQ6LFKW
Von da an durchquerten wir offene Schollenfelder, die zwar den Seegang dämpften, 
aber unsere Fahrt nicht beeinträchtigten. Allerdings verändern sich die Eisbedingungen 
rasch, da wir am kritischen Punkt der Frühjahrsschmelze waren.  Am 11. Dezember 
HUUHLFKWHQZLUGLHHUVWH9HUDQNHUXQJLP6WU|PXQJVV\VWHPGHV:HGGHOOZLUEHOV$:,
227. Leider konnte sie nicht geborgen werden, obwohl wir mit Posidonia akustisch 
mit ihr korrespondieren konnten. Die Beobachtung bei späteren Verankerungen, 
dass Auftriebskörper in mehr als 4.000 m Tiefe implodiert waren, legt nahe, dass dies 
auch hier erfolgt war und die Verankerung somit ohne Restauftrieb war. Das für diese 
*HJHQGW\SLVFKH:HWWHUVFKOHFKWH6LFKWXQG6FKDXPNURQHQKDW]X(LQVFKUlQNXQJHQ
beim visuellen Walbeobachtungsprogramm geführt. 
Am 12. Dezember, haben wir 60°S überschritten und damit die Antarktis erreicht. 
Zwischen 59° und 65°S erstreckte sich ein breiter Eisgürtel, südlich davon waren 
wir wieder in offenem Wasser. Allerdings handelte es sich überwiegend um offene 
Schollenfelder, die unserer Fahrt keinen Widerstand entgegensetzen, sondern durch 
die Dämpfung des Seegangs trotz beträchtlichen Windstärken für ein ruhiges Schiff 
sorgten. In diesem Eisgürtel begannen die Meereisbeobachtungen und die ersten 
(LVNHUQHZXUGHQHUERKUW'XUFKGLH+LOIHGHU+HOLNRSWHUNRQQWHGLHVZlKUHQG&7'
Stationen geschehen. 
Die Aufnahme von Verankerungen im Eis stellte eine besondere Herausforderung 
GDU 9HUDQNHUXQJHQ VLQG DXWRQRPH 6\VWHPH GLH PHKUHUH -DKUH LP 2]HDQ
verbleiben, um an einer bestimmten Stelle eine Vielzahl von ozeanographischen 
Größen in hoher zeitlicher Auslösung zu messen. Eine Verankerung besteht aus 
einem Grundgewicht, einem Seil und den Auftriebskörpern, die das Seil senkrecht 
in der Wassersäule halten. Am Seil sind Messgeräte befestigt, die z.B. Temperatur, 
Salzgehalt, Strömungsgeschwindigkeit und Richtung, Eisdicke und die Laute von 
Meeressäugern in internen Speichern aufzeichnen. Ist die Messzeit zu Ende, so wird 
mit Hilfe eines akustischen Signals, das mit der Posidonia-Anlage der Polarstern
gesendet wird, das Seil mit den Geräten vom Grundgewicht getrennt, worauf es von 
GHQ $XIWULHEVN|USHUQ DQ GLH 0HHUHVREHUÁlFKH JH]RJHQ ZLUG 'LHV NDQQ PLW GHP
3RVLGRQLD6\VWHPYHUIROJWZHUGHQ$QGHU0HHUHVREHUÁlFKHZLUGHLQ6DWHOOLWHQVHQGHU
aktiviert. Sehen  wir die aufgeschwommene Verankerung nicht mit bloßem Auge, dann 
KLOIWXQVGDV6DWHOOLWHQVLJQDOVLH]XÀQGHQ%HLGHQ9HUDQNHUXQJHQLP(LVKDWWHQVLFK
GLH$XIWULHEVN|USHULKUHQ:HJ]ZLVFKHQGHQ(LVVFKROOHQDQGLH2EHUÁlFKHJHVXFKW
Dann näherte sich das Schiff geschickt der Verankerung, ohne sie zwischen den 
6FKROOHQ ]X ]HUTXHWVFKHQ 'LH OHW]WHQ 0HWHU ZXUGHQPLW +LOIH GHV 0DPP\&KDLUV
überwunden, von dem aus eine Seilverbindung zum Schiff hergestellt wurde. Bei sehr 
NOHLQHQ9HUDQNHUXQJHQLVWGLH:DKUVFKHLQOLFKNHLWDOOHUGLQJVJHULQJVLHLP(LV]XÀQGHQ
deshalb mussten wir bei der Verankerung MARU 2 auf die Aufnahme verzichten. Doch 
auch im offenen Wasser war die Bergung der Verankerungen nicht immer einfach. 
Teilweise stellte der Nebel, der uns begleitete, nachdem wir wieder ins offene Wasser 
gekommen waren, ein Problem dar. Es erfordert besonderes Können, wenn der Wind 
mit einer Stärke bläst, wie es in dieser Gegend der Normalfall ist. Dann muss die 
Schiffsführung das Schiff gegen den Wind behutsam an die Verankerung annähern, 
ohne sie dabei zu beschädigen.
51. ZUSAMMENFASSUNG UND FAHRTVERLAUF
$XI GHP 0HULGLDQ YRQ *UHHQZLFK ZXUGH GDV &7':DVVHUVFK|SIHU3URJUDPP PLW
einem Stationsabstand von 30 sm fortgeführt. Eine besonders große und vor allem 
HLVHQIUHLH:DVVHUSUREHZXUGHYRQGHU3K\WRSODQNWRQJUXSSHPLWHLQHP6FKOHSSÀVFK
an Bord gepumpt, der mehrere Stunden in sicherem Abstand vom Schiff geschleppt 
wurde, um die Kontamination durch das Schiff zu vermeiden. Das Wasser wurde an 
%RUG]X([SHULPHQWHQYHUZHQGHWGLHGHQ(LQÁXVVHLQHVYHUlQGHUWHQ&22-Gehalts der $WPRVSKlUHDXIGDV:DFKVWXPGHV3K\WRSODQNWRQVQDFKZHLVHQVROOHQ
$XI GHU $QUHLVH ELV 6 XQG GHP 0HULGLDQ YRQ *UHHQZLFK IKUWHQ ZLU  &7'
Wasserschöpfer-Stationen aus. Wir nahmen 7 Verankerungen und 6 PIES auf und 
legten 5 bzw. 13  wieder aus. Es wurden 25 NEMO bzw. APEX-Floats ausgesetzt.
$P  'H]HPEHU HUUHLFKWHQ ZLU GLH 1HXPD\HU,,,6WDWLRQ ]XU 9HUVRUJXQJ $P
frühen Morgen lagen wir vor der Atkabucht. Die Eisverhältnisse waren günstig und 
so gelangten wir zügig an den Nordanleger an der Kante des Ekström-Schelfeises. 
Die Stationsmannschaft kam mit Pistenbullies zur Schelfeiskante. Schließlich wurde 
eine günstige Position mit 11 m Kantenhöhe gefunden, wo sich Polarstern bis zum 
 'H]HPEHU PLW LKUHQ 6WUDKOHUQ KLHOW 'LH (QWODGXQJ GHU &RQWDLQHU EHJDQQ XQG
der Tankschlauch wurde auf die Schelfeiskante ausgebracht. Nach der Ankunft der 
Tankcontainer wurden 280.000 l Arctic Diesel und 27.000 l Kerosin abgegeben. Die 
Ent- und Beladung der Versorgungsgüter ging zügig voran. Es wurden 120 t abgegeben 
und 50 t aufgenommen. Ferner wurden Umstauarbeiten ausgeführt. Die Helikopter 
waren unterwegs, um Schneeproben zur Schadstoffmessung in sicherer Entfernung 
vom Schiff zu nehmen, so dass eine Kontamination ausgeschlossen werden konnte. 
Das Walbeobachtungsprogramm wurde fortgesetzt. Die Betreuer der PALAOA-Station 
ZXUGHQ]XU1HXPD\HU6WDWLRQJHEUDFKW YRQZRDXVVLHPLW6NLGRRVZHLWHU IXKUHQ
:HQQHVGLH6LFKWYHUKlOWQLVVH]XOLHHQHUIROJWHQ3HUVRQHQWUDQVSRUWH]XU1HXPD\HU
III-Station.
%HL GHU 1HXPD\HU6WDWLRQ PXVVWH HLQ ZLVVHQVFKDIWOLFKHV &UHZPLWJOLHG YRQ %RUG
gehen, da es schwer erkrankt war und die Reise nicht fortsetzen konnte. Dank des 
'520/$1)OXJQHW]HVNRQQWHGLH3HUVRQLQQHUKDOEHLQHU1DFKWYRQGHU1HXPD\HU
6WDWLRQEHU1RYROD]DUHZVND\DQDFK.DSVWDGW JHÁRJHQXQGGRUW LQV.UDQNHQKDXV
JHEUDFKWZHUGHQYRQZRDXVVLHGDQQGHQ+HLPÁXJDQWUHWHQNRQQWH
Am 21. Dezember erreichte das südafrikanische Versorgungsschiff S.A. Agulhas die 
Schelfeiskante in 1,5 sm Entfernung von Polarstern. Am 22. Dezember waren die 
Versorgungsarbeiten beendet. Unmittelbar vor dem Meereisgürtel lag die S.A. Agulhas
und führte Stationsarbeiten durch. Beide Schiffe grüßten sich beim Vorbeifahren durch 
das Blasen der Hörner. Am Eisrand nahm Polarstern die Forschungsarbeiten mit einer 
&7'6WDWLRQZLHGHUDXI
Anschließend führte unser Weg wieder ein Stück zurück nach Norden, wo noch 
weitere Verankerungsarbeiten anlagen. Nach der Aufnahme und Wiederauslegung 
der Verankerung AWI-244 dampften wir zum südlichsten Punkt unserer Reise mit der 
Position 71°06,5’ S 11°27’W bei Kapp Norvegia im Weddellmeer. Am 24. Dezember 
EHJDQQHQZLUPLWGHP&7'6FKQLWWLQ5LFKWXQJ-RLQYLOOH,VODQGDQGHU1RUGVSLW]HGHU
Antarktischen Halbinsel. Zum Heiligen Abend unterbrachen wir die Stationsarbeiten, 
um den Festtag würdig zu begehen.
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Bis auf wenige offene Eisfelder, die in zwei nach Nordosten gerichteten Gürteln 
zwischen 14° und 23°W sowie zwischen 37° und 42°W wieder dichter wurden, trafen 
wir offenes Wasser an. Die Eisfelder im Weddellmeer haben sich weiter als erwartet 
nach Westen erstreckt. Am 3. Januar 2011 erreichten wir bei 42°W den Eisrand. Mit 
dem Eis war auch das sonnige Wetter dahin. Zwar blieb es schwachwindig, aber 
Warmluft von Norden brachte schlechte Sicht und zeitweise sogar dichten Nebel. 
Später ging der Regen in Schnee über. Am 7. Januar wurde es etwas stürmisch, aber 
der Windschatten der Antarktischen Halbinsel sorgte schon am 8. Januar wieder für 
ruhiges Wetter.
Mit dem endgültigen Verlassen des Meereisgebiets ging die Probennahme auf 
Eisschollen zu Ende, die mit Unterstützung der Helikopter auf Eisschollen erbohrt 
wurden. Ziel dieser Arbeiten war es, den Luftgehalt des Eises im Labor zu bestimmen. 
Dies stellt eine besondere Herausforderung dar, da es dazu bisher keine etablierte 
Technik gab und diese somit erst entwickelt wurde.
Die Arbeiten auf dem Weddellmeer-Schnitt verliefen zügig, da wir überwiegend ruhiges 
Wetter und nur offene Eisfelder zu durchqueren hatten. Der Abstand zwischen den 
Stationen lag im zentralen Weddellmeer bei 40 bis 50 sm. Im Weddellmeer führten wir 
&7':DVVHUVFK|SIHU6WDWLRQHQDXV:LUQDKPHQ9HUDQNHUXQJHQDXIXQGOHJWHQ
 ZLHGHU DXV (V ZXUGHQ  1(02)ORDWV DXVJHVHW]W 'LH:DOEHREDFKWXQJVÁJH
wurden fortgesetzt. 
Am 8. Januar 2011 erreichten wir das Schelf der Antarktischen Halbinsel bei Joinville 
Island. Dort bogen wir nach Süden ab, um vorbei an Paulet und Rosamel Island in den 
$QWDUFWLF6RXQG]XODXIHQ9RQGRUWDXVJLQJHVLQGLH]HQWUDOH%UDQVÀHOGVWUDHZR
der vorwiegend biologische Teil der Reise mit einem Hol mit dem Epibenthosschlitten 
eröffnet wurde. Am 9. Januar begannen die Arbeiten auf einem Gitter westlich der 
$QWDUNWLVFKHQ+DOELQVHOEHL7ULQLW\,VODQGLQ5LFKWXQJGHU Südshetland-Inseln. Auf 10 
parallelen, senkrecht zur Küste ausgerichteten Schnitten erfolgten mit einem Abstand 
YRQVP6WDWLRQHQPLW MHHLQHP+ROPLWGHP5HFWDQJXODU0LGZDWHU7UDZO 507
XQGHLQHP3URÀOPLW&7':DVVHUVFK|SIHU6\VWHP=ZLVFKHQGHQ6GVKHWODQG,QVHOQ
vorbei an Deception und Snow Island ging es nach Nordwesten in Richtung hohe See. 
Nach 160 sm war der nordwestliche Eckpunkt erreicht, wo zusätzlich ein Epibenthos-
Schlitten eingesetzt wurde. Etwa 50 sm weiter nach Südwest setzte der landwärts 
gerichtete Schnitt an, der uns an Smith und Low Island vorbei führte. In der Nacht 
vom 12. bis 13. Januar erreichten wir das landseitige Ende des zweiten Schnittes bei 
Hoseason Island und drehten nach Südwesten ab, um den dritten Schnitt zu beginnen. 
Doch Wind und Seegang hatten dermaßen zugenommen, dass der sichere Einsatz des 
RMT nicht mehr gegeben war. Als klar wurde, dass mit einer baldigen Wetterbesserung 
nicht zu rechnen sei, beschlossen wir am 13. Januar, die am Ende der Reise geplanten 
Stationen in der Gerlache-Straße vorzuziehen, weil dort unter dem Windschutz der 
Berge die Arbeiten mit dem RMT möglich sein sollten. Wir fuhren zwischen Brabant 
und Anvers Island in die Gerlache-Straße. Die Annahme des Windschutzes durch 
die Berge bestätigte sich und im ruhigen Wasser war ungestörtes Arbeiten möglich. 
Die Sicht war gut genug, um diesen erzwungenen Umweg zu einem landschaftlichen 
Erlebnis zu machen. Auf dem Weg war ein kurzer Besuch einer kleinen Gruppe mit 
dem Helikopter bei der chilenischen Station Gabriel Gonzales Videla möglich. Nach 
Abschluss der Stationen 142 und 143 und Wetterbesserung begann am 14. Januar 
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der dritte Schnitt nach Nordwesten, der am 15. Januar am landfernen Ende mit einem 
weiteren Hol mit dem Epibenthos-Schlitten abgeschlossen wurde. Am 17. Januar 
wurde bei Anvers Island der vierte Schnitt abgeschlossen. 
Mit Ausnahme des Sturmes am 13. Januar war das Wetter günstig. Es begann mit 
UXKLJHP:HWWHUXQG6RQQHQVFKHLQGDVEHGHXWHWJQVWLJHV+HOLNRSWHUÁXJZHWWHUZDV
GLH)RUWVHW]XQJGHV:DOEHREDFKWXQJVSURJUDPPVHUP|JOLFKWH'LH&KHPLNHUNRQQWHQ
QDFK/RZ,VODQG]XHLQHU3UREHQQDKPHÁLHJHQZRVLHP3 Schnee in Behälter 
abfüllten. Seit dem 14. Januar war es windmäßig wieder ruhig, doch die Sicht wechselt 
VWDUN =HLWZHLVH HUVFKZHUWH GLFKWHU 1HEHO GHQ :HJ XQG :DOEHREDFKWXQJVÁJH
NRQQWHQQXUEHJUHQ]WVWDWWÀQGHQ'RFKLP*DQ]HQZDUGDV:HWWHUHKHUJQVWLJXQG
GLHNUlIWLJHQ7LHIGUXFNJHELHWHEOLHEHQZHLWGUDXHQDXIGHP3D]LÀN
Bis zum 20. Januar wurden die Arbeiten bei gutem Wetter im Krillgitter bis zum Abschluss 
GHVVHFKVWHQ6FKQLWWVIRUWJHVHW]W6FKZDFKH:LQGHXQGDXFKKlXÀJ6RQQHQVFKHLQ
machten die Arbeit leicht. Dann wurden die Arbeiten des Krill-Programms unterbrochen 
XQGZLUHUUHLFKWHQLQGHU1DFKW]XP-DQXDUGLH0DUJXHULWH%D\XQGGLHEULWLVFKH
Station Rothera auf Adelaide Island, wo 140.000 Liter Flugzeugtreibstoff anzuliefern 
waren. Fahrteilnehmer und Besatzungsmitglieder, die frei gestellt werden konnten, 
hatten die Gelegenheit mit dem Schlauchboot an Land gebracht zu werden. An der 
Station wurden wir herzlich wie alte Freunde empfangen. Am Abend lief Polarstern
wieder aus, nachdem wir unserer Dankbarkeit für den herzlichen Empfang mit einer 
$EVFKLHGVSDUW\ DXI GHP$UEHLWVGHFN$XVGUXFN YHUOLHKHQ KDWWHQ$OOHV JHVFKDK LP
strahlenden Sonnenschein vor einer märchenhaften Kulisse. Die Ozean-Akustik-
*UXSSH IDQG EHL 5RWKHUD 3RLQW GLH *HOHJHQKHLW DP 6WUDQG HLQ +\GURSKRQ LP
Wasser auszulegen, um die Geräusche von See-Elefanten entfernt vom lärmenden 
Schiff aufzunehmen. Zwar konnten sie keine See-Elefanten hören, dafür aber eine 
Vielzahl anderer interessanter Geräusche, wie z.B. das des schmelzenden Eises. Das 
Walbeobachtungsprogramm wurde auf weiteren Beobachtungslinien senkrecht zur 
Küsten mit dem Helikopter fortgesetzt. 
Am 22. Januar war die Schön-Wetter-Periode vorüber und wir mussten in der Nacht 
das Krill-Programm unterbrechen, da der Wind und der Seegang zu stark geworden 
waren, um das RMT-Planktonnetz sicher einzusetzen. Die Arbeiten konnten am 24. 
Januar wieder aufgenommen werden. Am 27. Januar gelang bei Station 196 ein 
seltener Fang. Im Beutel des RMTs befand sich mit 334.000 Exemplaren pro 1.000 m3
EHÀVFKWHQ :DVVHUV HLQH H[WUHP KRKH .RQ]HQWUDWLRQ DQ .ULOOODUYHQ 'LHV ZDU GLH
zweithöchste Konzentration, die seit 1980 gemessen wurde.
Am 30. Januar wurde der letzte Schnitt des Krill-Gitters abgeschlossen und wir 
liefen durch die Bismark-Straße zur Gerlache-Straße, wo die letzte Station mit dem 
(SLEHQWKRV6FKOLWWHQ VWDWWÀQGHQ VROOWH 6LH PXVVWH DOOHUGLQJV DXIJHJHEHQ ZHUGHQ
da sich der Boden in der Gerlache-Straße als zu rau für das erfolgreiche Schleppen 
GLHVHV*HUlWVHUZLHV'HVKDOEZXUGHQQXUGDV507XQGGDV&7':DVVHUVFK|SIHU
6\VWHPHLQJHVHW]W
Bei der Einfahrt in die Gerlache-Straße passierten wir die Goudier-Insel, auf der eine 
EULWLVFKH6RPPHUVWDWLRQOLHJW'LHHKHPDOLJH6WDWLRQࡐ%DVH$´ZXUGHLP5DKPHQ
der Operation Tabarin errichtet und wird heute vom Antarctic Heritage Trust unterhalten.
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Nach der Fahrt durch die Gerlache-Straße gelangten wir in die Drake-Straße. Die 
Antarktis verließen wir am Dienstag, den 1. Februar um 17:30 LT, als wir 60°S nach 
Norden überquerten. Danach wurden auf den beiden letzten Stationen in der zentralen 
'UDNH6WUDHQRFK]ZHLZHLWHUH$UJR)ORDWVDXVJHEUDFKWXQG&7'3URÀOH]XU6HQVRU
Kalibrierung gefahren. Am 2. Februar um 10:18 LT bei 58°20’S 63°30,4‘W wurden die 
Forschungsarbeiten abgeschlossen. Nach der Fahrt durch den Lemaire-Kanal und 
die Magellan-Straße erreichten wir am Sonnabend, den 5. Februar 2011 um 8:00 die 
0DUGRQHV3LHULQ3XQWD$UHQDV&KLOHZRGLH5HLVHHQGHWH
Wir waren 68 Tage auf See und haben 8.479 sm zurück gelegt. Auf 195 Stationen 
KDEHQZLU&7':DVVHUVFK|SIHU3URÀOH507+ROVXQG(SLEHQWKRVVFKOLWWHQ
Hols ausgeführt. Es wurden 13 Verankerungen und 6 PIES aufgenommen sowie 13 
Verankerungen und 13 PIES ausgebracht. Insgesamt wurden 38 Floats abgesetzt. 
Die Helikopter waren 176 Stunden im Einsatz. Die Walbeobachtungsgruppe konnte 
 NP+XEVFKUDXEHU3URÀOH DEDUEHLWHQ'LH (Q5RXWH0HVVXQJHQ FKHPLVFKHU
XQGSK\VLNDOLVFKHU3DUDPHWHUXQGGLH:DOEHREDFKWXQJYRP6FKLIIDXVYLVXHOOXQG
mit dem Thermosensor, vervollständigen den reichhaltigen Datensatz, der uns in den 
nächsten Monaten und selbst Jahren intensiv beschäftigen wird.
Die Fahrtroute ist in Abbildung 1.1 dargestellt.
Das Ziel der ozeanographischen Arbeiten bestand darin, die Bedeutung des atlantischen 
Sektors des Südlichen Ozeans für die großräumigen klimarelevanten Vorgänge besser 
zu verstehen. Die Intensität und Struktur der thermohalinen Zirkulation, die Wirkung 
DOV:lUPHSXIIHUGHU(LQÁXVVGHU2]HDQVFKLFKWXQJDXIGDV0HHUHLVXQGGLH)XQNWLRQ
DOV4XHOOHRGHU6HQNHIUGDV7UHLEKDXVJDV&22 bestimmen die Rolle des Ozeans für 
das Klima. 
Im atlantischen Sektor des antarktischen zirkumpolaren Wassergürtels entsteht 
der größte Teil des Antarktischen Bodenwassers, einer wesentlichen Komponente 
der globalen Umwälz-Zirkulation. Messungen im Tiefen- und Bodenwasser des 
Weddellmeers haben gezeigt, dass sich seine Eigenschaften im Zeitraum der 
letzten 25 Jahre merklich verändert haben. Gegen Ende der 80er Jahre fanden 
eine Erwärmung und die Salzgehaltszunahme des von Norden einströmenden 
Zirkumpolaren Tiefenwassers statt. Im weiteren Verlauf wurde die Temperaturzunahme 
in den tieferen Schichten des Boden- und Tiefenwassers sichtbar und breitete sich bis 
in das westliche Weddellmeer aus. Anschließend hat das Zirkumpolare Tiefenwasser 
eine Abkühlungsphase durchlaufen und erwärmt sich inzwischen wieder. Die Daten 
dieser Reise ergeben, dass sich diese Erwärmung fortgesetzt hat. Im Bodenwasser 
hält die Erwärmung am Meridian von Greenwich und im zentralen Weddellmeer weiter 
an, während im westlichen Weddellmeer Anzeichen einer längerfristigen Abkühlung zu 
erkennen sind. Insgesamt haben sich die Wassermassen am Meridian von Greenwich 
über die gesamte Wassersäule erwärmt. Der Salzgehalt hat bis 2005 zugenommen 
und nimmt seitdem im gesamten Bereich wieder ab. Gleichzeitig mit der Erwärmung 
im Weddellmeer wurde eine Temperaturzunahme in der Tiefe des Einstroms von 
Zirkumpolaren Tiefenwasser auch weiter nördlich im zirkumpolaren Wassergürtel 
beobachtet. Im Südatlantik wurde ein Temperaturanstieg im Antarktischen Bodenwasser 
im Vemakanal gemessen, der darauf hindeutet, dass die Veränderungen in der Antarktis 
überregionale Auswirkungen haben. Die Erwärmung des Antarktischen Bodenwassers 
ist inzwischen beckenweit zu erkennen.
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$XI GHP :HJ QDFK 6GHQ KDEHQ ZLU GHQ $QWDUNWLVFKHQ =LUNXPSRODUVWURP $&&
durchquert. Diese gewaltige Meeresströmung bewegt 140 Mio. m3 Wasser pro 
Sekunde um die Antarktis herum und stellt damit die Meeresströmung auf der Erde 
mit dem größten Wassertransport dar. Durch diesen Transport fügt der Antarktische 
=LUNXPSRODUVWURPGLHHLQ]HOQHQ2]HDQEHFNHQ]XHLQHPJOREDOHQ6\VWHP]XVDPPHQ
'LHVLVWYRQ%HGHXWXQJZHLOLP$&&:lUPHXQGJHO|VWH6WRIIHZLH]%.RKOHQGLR[LG
transportiert werden. So kann der Atlantische Ozean vom Wärmeüberschuss des 
,QGLVFKHQ2]HDQVSURÀWLHUHQ'LHVIKUWOHW]WHQGOLFK]XPZDUPHQ1RUGDWODQWLNGDGLHVH
Wärme aus dem Südlichen Ozean über den Äquator hinweg nach Norden transportiert 
wird. Auf Grund dieser großräumigen Zusammenhänge sind Transportschwankungen 
GHV$&&YRQJURHP,QWHUHVVHXQGZHUGHQPLWXQWHUVFKLHGOLFKHQ0HWKRGHQHUIDVVW
Wir tragen mit unseren PIES dazu bei.
'HUZHLWHUH$XVEDXGHV+$)26+\EULG$QWDUFWLF)ORDW2EVHUYDWLRQ6\VWHPHUIROJWH
durch die Auslegung von 38 Floats und 9 Schallquellen zur RAFOS-Navigation. Die 
Floats treiben in 800 oder 1.500 m Tiefe und kommen alle 10 Tage an die Meeres-
2EHUÁlFKH]XUFN'DEHLPHVVHQVLHHLQ9HUWLNDOSURÀOYRQ7HPSHUDWXUXQG6DO]JHKDOW
GDVEHU6DWHOOLWHQDQHLQH/DQGVWDWLRQEHUPLWWHOWZLUG:HQQVLHDQGHU2EHUÁlFKH
sind, wird durch GPS ihre Position bestimmt. Weltweit sind zurzeit etwa 3.250 Floats 
im Ozean unterwegs und bilden eine wesentliche Komponente des Globalen Ozean-
%HREDFKWXQJVV\VWHPV*226'LH+HUDXVIRUGHUXQJDQXQV LVWHVGLHVHV6\VWHP
DXFKLP(LV]XYHUYROOVWlQGLJHQZRGLH)ORDWVQLFKWPHKUDQGLH2EHUÁlFKHNRPPHQ
können.
Das direkte Ziel der ozeanographischen Untersuchungen ist es, einen Zusammenhang 
zwischen den Fluktuationen der atmosphärischen Bedingungen, der Eigenschaften 
der Wassermassen und den Meereisbedingungen nachzuweisen. Mit den Messungen 
sollen die in den vergangenen Jahren im atlantischen Sektor des Südlichen Ozeans 
beobachteten Veränderungen weiter verfolgt werden, um ihren zeitlichen Verlauf und 
LKUH UlXPOLFKH9HUWHLOXQJ]XTXDQWLÀ]LHUHQ8PGLH8UVDFKHGHU9HUlQGHUXQJHQ]X
bestimmen, sollen die Fluktuationen des Antarktischen Zirkumpolarstroms südlich 
von Südafrika gemessen werden, wobei die Intensität und die Lage seiner südlichen 
Strombänder und der Übergang zum nördlichen Stromband des Weddellwirbels von 
Bedeutung sind. 
Die Wasserproben wurden zur Messung des Gehalts an gelöstem Kohlendioxid 
&22 DQWKURSRJHQHQXQGQDWUOLFKHQ6SXUHQVWRIIHQXQGDQ6DXHUVWRII YHUZHQGHW'LH0HVVXQJHQGHVJHO|VWHQ&22 dienen dazu, die Rolle des Südlichen Ozeans im 
globalen Kohlenstoffkreislauf zu bestimmen. Darin spielt der Südliche Ozean eine 
EHVRQGHUH5ROOHGDHUGXUFKGLH$XIQDKPHYRQ&22DXVGHU$WPRVSKlUHDOV&22-
Senke zu betrachten ist. Dies erfolgt bei der Zwischen- und Bodenwasserbildung und 
GXUFKGLH3ULPlUSURGXNWLRQGHV3K\WRSODQNWRQV$QGHUHUVHLWVDEHUVWHOOWGHU$XIWULHE
YRQ&22UHLFKHP=LUNXPSRODUHQ7LHIHQZDVVHU HLQH&22-Quelle für die Atmosphäre GDU'DV=LHOGHU&KHPLNHU3K\VLNHUXQG%LRORJHQ LVWHVGLHVHV:HFKVHOVSLHOGHU
3UR]HVVH]XTXDQWLÀ]LHUHQXPGLH1HWWR:LUNXQJ]XEHVWLPPHQ'LHDQWKURSRJHQHQ
und natürlichen Spurenstoffe erlauben es, den Austausch  zwischen Atmosphäre und 
Ozean und die Ausbreitung der Wassermassen im Ozean zu verfolgen.
Die Messung des im Wasser gelösten Sauerstoffs hatte das Ziel, Aussagen über den 
Austausch zwischen Atmosphäre und Ozean zu machen. Weiterhin wurden Sensoren 
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erprobt, die Sauerstoffmessungen mit großer Genauigkeit und hoher zeitlicher Stabilität 
ermöglichen sollen. Dies ist die Voraussetzung, um diese Sensoren unbewacht auf 
autonomen frei driftenden Floats einsetzen zu können. Auf unserer Reise haben wir 8 
Floats mit Sauerstoffsensoren ausgesetzt. 
'LH&KHPLNHUQDKPHQ3UREHQ]XU0HVVXQJYRQ´ SHUVLVWHQWRUJDQLFSROOXWDQWVµ323V
ZLHSRO\FKORULQLHUWH%LSKHQ\OH3&%VXQGSRO\EURPLQLHUWH'LSKHQ\ODHWKHU3%'(V
die in der Atmosphäre in abgelegene Gebiete transportiert werden. Es ist das Ziel 
GHU$UEHLWHQ ´QHXHµP|JOLFKH323V]%DOWHUQDWLYH(QWÁDPPXQJVYHU]|JHUHUXQG
verschiedene traditionelle POPs in Bezug auf Transport und Austausch zwischen 
Atmosphäre und Meerwasser hin zu untersuchen. Dazu erfolgten an Bord Messungen 
in Luft und Wasser. Die Helikopter wurden genutzt, um auf dem Schelfeis und auf 
Inseln unberührte Schneeproben zu nehmen, die zur Messung von Schadstoffen 
verwendet werden sollen. 
Im Rahmen des MAPS Projektes wurden quasi-kontinuierlich thermographische 
Bilddaten erhoben, um Mustererkennungsalgorithmen zur automatisch Detektion 
von Walen entwickeln zu können. Parallel zur automatischen Erfassung fanden 
YLVXHOOH %HREDFKWXQJHQ VWDWW 8P GLH (IÀ]LHQ] GHU$OJRULWKPHQ EHL YHUVFKLHGHQHQ
8PZHOWEHGLQJXQJHQ :DVVHUWHPSHUDWXU (LVEHGHFNXQJ 6LFKWZHLWH EHVWLPPHQ
zu können, sollen die Autodetektionsdaten mit Walsichtungen des unabhängigen 
Beobachterteams verglichen werden.
Visuelle Walbeobachtungen wurden auf der Brücke und vom Krähennest ausgeführt 
XQG]XVlW]OLFKDXIHLQHP*LWWHUPLW+XEVFKUDXEHUÁJHQXPGLH3UlVHQ]YRQ:DOHQ
und deren Artenverteilung zu erfassen. Dies geschieht nach einem genau festgelegten 
Verfahren, um die Daten unterschiedlicher Arbeitsgruppen vergleichbar zu machen, 
und so großräumige Verteilungsmuster erkennen zu können. Besondere Beachtung 
ÀQGHQ%HREDFKWXQJ XQG'RNXPHQWDWLRQ EHVRQGHUV VHOWHQHU7LHUH RGHU(UHLJQLVVH
wie z.B. eine Gruppe Killerwale, die ein Minke-Wal-Kalb jagen, oder ein Blauwal. Auf 
unserer Reise wurde nur ein Exemplar dieser selten gewordenen Art gesehen, von der 
in den dreißiger Jahren noch 30.000 Stück pro Jahr erlegt wurden. 
Eine überraschendes Ereignis berichtete die Ozean-Akustik-Gruppe, die bei 
GHU 1HXPD\HU6WDWLRQ GLH DNXVWLVFKH 'DXHUEHREDFKWXQJVVWDWLRQ 3$/$2$ PLW
+\GURSKRQHQXQWHUGHP6FKHOIHLVXQWHUKlOW'LHVH+\GURSKRQH]HLFKQHQQLFKWQXUGLH
Geräusche von Walen und Robben auf, sondern auch die von Eisbergen Eisschollen, 
die zerbrechen oder zusammenstoßen. Die Hochstation war etwa 1,5 km von der 
6FKHOIHLVNDQWHHQWIHUQW $P)HEUXDUHUKLHOWHQZLUYRQGHU1HXPD\HU6WDWLRQGLH
Nachricht, dass von der Schelfeiskante ein etwa 2.500 m x 800 m großes Stück 
abgebrochen sei. Nun ist PALAOA nur noch 800 m von der Schelfeiskante entfernt. 
Weitere Risse im Schelfeis bereiten Grund zur Sorge über die Zukunft von PALAOA.
Die Daten, die während des Krill-Programms gewonnen wurden, werden im Rahmen 
YRQ&&$0/5&RQYHQWLRQIRUWKH&RQVHUYDWLRQRI$QWDUFWLF0DULQH/LYLQJ5HVRXUFHV
ausgewertet, zu dem das Johann Heinrich von Thünen-Institut einen deutschen Beitrag 
OLHIHUW'LH(UJHEQLVVHGHU)lQJHZHUGHQEHLP7UHIIHQGHU&&$0/5$UEHLWVJUXSSH
vorgelegt und tragen dazu bei, die Krill-Bestände des Südlichen Ozeans zu überwachen 
XQGGLH5HJHOXQJGHU.ULOOÀVFKHUHL]XXQWHUVWW]HQ'LH)lQJHHUJDEHQHLQHJHULQJHUH
Krilldichte als im langjährigen Mittel.
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Die Untersuchungen zum Erfolg der Eiablage, Überlebensraten und dem 
)RUWSÁDQ]XQJVHUIROJ VLQG IU GLH (QWZLFNOXQJ YRQ 9RUKHUVDJHPRGHOOHQ ]XU
Entwicklung der Krillbestände von großer Bedeutung. Die Konvention zum Schutz der 
marinen lebenden Ressourcen der Antarktis wurde 1982 ins Leben gerufen, weil die 
6RUJH EHVWDQG GDVV GLH ]XQHKPHQGH.ULOOÀVFKHUHL LP6GOLFKHQ2]HDQ HUQVWKDIWH
Auswirkungen auf die Krillbestände und anderes marines Leben, insbesondere auf 
Vögel, Robben und Fische, die hauptsächlich vom Krill abhängen, haben könnte. Das 
Ziel der Konvention ist es, das marine Leben im Südlichen Ozean zu schützen.
Biologische Größen wie die Geschlechterverteilung, Altersverteilung und der Reifestatus 
des Krills werden an jeder Probe bestimmt. Die Verteilung der Krilllarven und der 
ökologischen Bedingungen werden mit bestimmten Wassermasseneigenschaften in 
Verbindung gebracht. Auch die Amphipoden-Art Themisto gaudichaudi wird untersucht, 
da sie ein bedeutender Fressfeind des Mesozooplanktons, zu dem der Krill gehört, 
ist. Salpen (Salpa thompsoniZHUGHQPLWGHQ1HW]IlQJHQJHVDPPHOWXPPLW+LOIH
YRQ '1$6HTXHQ]LHUXQJ  *HQHSURÀOH LQ %H]LHKXQJ ]XU /HEHQVJHVFKLFKWH XQG ]X
Umweltbedingungen zu setzen.
Die Fänge mit dem Epibenthos-Schlitten hatten das Ziel, die Peracariden-Ordnung 
&XPDFHDVLHJHK|UHQ]XGHQ.UHEVWLHUHQ]XXQWHUVXFKHQ'LH,QIRUPDWLRQEHUGLH
&XPDFHHQGHU7LHIVHHZHUGHQ(UJHEQLVVHGHU$1'((3([SHGLWLRQHQ]XU%LRGLYHUVLWlW
der Faunenüberlappung verschiedener Tiefseebecken und der Biogeographie dieser 
Peracariden-Gruppe ergänzen. Eine gewisse Anzahl neuer Arten wird bestimmt und 
beschrieben werden müssen.
Es hat sich gezeigt, dass Umweltfaktoren wie die anhaltenden Ozean-Versauerung 
LP=XVDPPHQKDQJPLWGHU VLFKYHUlQGHUQGHQDWPRVSKlULVFKHQ&22-KonzentrationXQGVDLVRQDOH&229DULDWLRQHQGLH6WUXNWXUXQGGDV:DFKVWXPGHV3K\WRSODQNWRQVEHHLQÁXVVHQ 8P GLH 3K\WRSODQNWRQ3RSXODWLRQHQ HQWODQJ GHV 6FKLIIVNXUVHV ]X
FKDUDNWHULVLHUHQ ZXUGHQ $Q'HFN&22/Eisen-Störungsexperimente mit natürlichen 3K\WRSODQNWRQ*HPHLQVFKDIWHQ DXVJHIKUW )U GLH 3K\WRSODQNWRQ*UXSSH ZDU
GLHV HLQ YROOHU (UIROJ 1DFK  :RFKHQ ,QNXEDWLRQV]HLW ZXUGH HLQ &22-Eisen-
Manipulationsexperiment beendet, in dem Artenzusammensetzung, Primärproduktion 
XQG 3K\VLRORJLH HLQHU QDWUOLFKHQ 3K\WRSODQNWRQ*HPHLQVFKDIW XQWHUVXFKW
ZXUGHQ -H QDFKGHP XQWHU ZHOFKHQ (LVHQNRQ]HQWUDWLRQHQ XQG &22-BedingungenYRULQGXVWULHOOHV KHXWLJHV RGHU ]XNQIWLJHV 6]HQDULR GLH$OJHQ JHZDFKVHQZDUHQ
VHW]WHQVLFKLQGHP([SHULPHQWXQWHUVFKLHGOLFKH3K\WRSODQNWRQDUWHQGXUFK=XVlW]OLFK
ZXUGHPLWKRKHUUlXPOLFKHU$XÁ|VXQJGLHNOHLQVNDOLJH9HUWHLOXQJGHVS&22-Wertes im 2EHUÁlFKHQZDVVHUELRORJLVFKH6DXHUVWRIIVlWWLJXQJ22$UXQG'LPHWK\OVXOÀG'06
mit Massenspektrometrie bestimmt. 
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Abb.1.1: Fahrtroute während ANT-XXVII/2 von Kapstadt nach Punta Arenas mit 
Versorgungsaufenthalten bei der Neumayer und der Rothera Station.
Fig. 1.1: Route of ANT-XXVII/2 from Cape Town towards Punta Arenas with supply 
 at Neumayer and Rothera stations.
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R.V. PolarsternOHIWRQ1RYHPEHUDW/7IURP&DSH7RZQWRWKH$QWDUFWLF
7KHUHZHUHFUHZPHPEHUVDQGVFLHQWLÀFFUXLVHSDUWLFLSDQWVRQERDUGRULJLQDWLQJ
from 12 nations. 
)LUVWZHKHDGHGWR6RXWKZHVW'XULQJWKHÀUVWWZRGD\VRQDQG1RYHPEHUWKH
laboratories were set up, instruments unpacked and prepared for operation, instructions 
RQVDIHW\DQGHPHUJHQF\PHDVXUHVZHUHLQWURGXFHGDQGJHQHUDOGLUHFWLRQVIRUOLIHRQ
ERDUGZHUHJLYHQ7KHÀUVWVWDWLRQIRUPHDVXULQJDYHUWLFDOWHPSHUDWXUHDQGVDOLQLW\
SURÀOHE\PHDQVRIWKH&7'SUREH&RQGXFWLYLW\7HPSHUDWXUH'HSWKVWDUWHGRQ
1RYHPEHUDW87&$IWHUDFDOPVWDUWRIWKHFUXLVHWKHZLQGKDGLQFUHDVHGDQGWKH
EULJKWZHDWKHUKDGFRPHWRDQHQG7KHEDGZHDWKHUSRRUYLVLELOLW\DQGZKLWHFDSV
hindered the marine mammal observation programme.
2XUFRXUVHIROORZHGDOLQHRIPRRUHG3UHVVXUH,QYHUWHG(FKR6RXQGHUV3,(6ZKLFK
measure the pressure at the sea bottom and the transit time of a sound signal from 
the instrument to the sea surface and back. The data are used to derive the water 
WUDQVSRUWDQGWKHYHUWLFDOPHDQWHPSHUDWXUHRIWKH$QWDUFWLF&LUFXPSRODU&XUUHQWRYHU
PDQ\\HDUV7KHLQVWUXPHQWVZHUHGHSOR\HGRQWKHVHDÁRRUDQGDIWHUWKHHQGRIWKH
UHFRUGLQJSHULRGZRXOGUHWXUQRQDQDFRXVWLFFRPPDQGWRWKHVXUIDFHZKHUHWKH\ZLOO
EHSLFNHGXSIURPWKHVKLSDQGGHOLYHUWKHGDWDZKLFKWKH\KDYHUHFRUGHG7KHÀUVW
WZR3,(6ZHUH ORVW3UREOHPVRFFXUUHGGXULQJWKHGHSOR\PHQWRI WKHVHFRQG3,(6
ZKLFKUHWXUQHGEDFNWRWKHVXUIDFHULJKWDIWHUUHDFKLQJWKHVHDÁRRU
$Wҋ6ҋ(ZHPHWWKHÀUVWVWURQJO\ZHDWKHUHGLFHEHUJRQ'HFHPEHU2Q
December we reached at 51°25’S the Greenwich meridian. From then on, our course 
went along the Greenwich meridian towards the Antarctic continent. 
7HPSHUDWXUHVDOLQLW\DQGRFHDQFXUUHQWVZHUHPHDVXUHGHQ URXWH$ORQJ WKH WUDFN
OLQHÁRDWVZHUHGHSOR\HGDQGPRRULQJVZLWKERWWRPSUHVVXUHVHQVRUVZLWK LQYHUWHG
HFKR VRXQGHUV 3,(6 ZHUH H[FKDQJHG 7KH EDFNERQH RI WKH SURJUDPPH ZHUH
PHDVXUHPHQWVZLWKD&7'SUREHDQGZDWHUVDPSOHVZKLFKZHUHWDNHQWRGHWHUPLQH
WKHFRQFHQWUDWLRQRIGLVVROYHGQXWULHQWVR[\JHQWUDFHVXEVWDQFHV&22 parameters, 
biological properties as well as to obtain water for experiments. An essential part of the 
ZRUNFRQVLVWHGLQWKHUHFRYHU\DQGUHGHSOR\PHQWRIPRRULQJV7KH\FRQWDLQFXUUHQW
PHWHUV WHPSHUDWXUH DQG FRQGXFWLYLW\ VHQVRUV DQG VRXQG VRXUFHV WR ORFDWH ÁRDWV
VRXQGUHFRUGHUVDQGXSZDUGORRNLQJVRQDUV8/6WRPHDVXUHWKHVHDLFHWKLFNQHVV
1(021DYLJDWLQJ(XURSHDQ0DULQH2EVHUYHUDQG$3(;ÁRDWVZHUHGHSOR\HG
'XULQJWKHQLJKWIURPWR'HFHPEHUZHPHWWKHÀUVWVFDWWHUHGUHPQDQWVRIGHFD\HG
VHD LFH ÀHOGV'XULQJ WKH IROORZLQJ GD\ WKH\ EHFDPHPRUH IUHTXHQW&ORVHG ÀHOGV
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VKRZHGXSGXULQJWKHDIWHUQRRQVLPXOWDQHRXVO\ZLWKWKHÀUVWVQRZ)URPWKHQRQZH
FURVVHGRSHQ LFHÀHOGVZKLFKNHSWRII WKHZDYHVEXWGLGQRWKDPSHURXUSURJUHVV
WRWKHVRXWK+RZHYHUVLQFHLWZDVWKHWLPHRIWKHPRVWUDSLGVHDVRQDOGHFD\RIWKH
winter ice cover the ice conditions changed fast. 
2Q'HFHPEHUZHUHDFKHGWKHÀUVWPRRULQJLQWKHFXUUHQWV\VWHPRI:HGGHOOJ\UH
But mooring AWI-227 did not release in spite that it could be located with Posidonia. 
$FFRUGLQJ WR ODWHU REVHUYDWLRQV RI LPSORGHG ÁRDWV LQPRRULQJV ZKLFK ZHUH GHHSHU
than 4,000 m, we assume that this was the reason of the complete loss here. Bad 
YLVLELOLW\DQGZKLWHFDSVIXUWKHUUHVWULFWHGWKHYLVXDOPDPPDOREVHUYLQJSURJUDPPH
2Q'HFHPEHULQWKHDIWHUQRRQZHFURVVHG6DQGIURPWKHQRQZHUHIRUPDOO\LQ
Antarctica.
2QRXUZD\ZHKDGWRFURVVDEURDGEHOWRIVHDLFHORFDWHGEHWZHHQDQG6
+RZHYHUWKHLFHFRQVLVWHGPRVWO\LQRSHQÀHOGVRILFHÁRHVZKLFKGLGQRWUHDOO\SUHVHQW
DQ\REVWDFOHWRXVEXWLQFRQWUDVWZHUHDGYDQWDJHRXVEHFDXVHWKH\GDPSHGWKHVZHOO
DQGSURYLGHGDYHU\FDOPVKLSLQVSLWHRIVLJQLÀFDQWZLQGV,QWKLVLFHEHOWWKHVHDLFH
JURXSVWDUWHGREVHUYDWLRQVDQGZDVGHSRVLWHGE\WKHKHOLFRSWHURQWKHLFH7KHQWKH\
were able to drill ice cores to determine the air content of the ice. Due to the help 
RI WKHKHOLFRSWHUV WKLVZDVSRVVLEOHGXULQJ&7'VWDWLRQVZKHQWKHRFHDQRJUDSKHUV
PHDVXUHGYHUWLFDOSURÀOHVRIZDWHUPDVVSURSHUWLHV
Sea ice presented a particular challenge when to recover moorings. Moorings are 
DXWRQRPRXV V\VWHPV ZKLFK UHPDLQ LQ WKH RFHDQ IRU VHYHUDO \HDUV WR PHDVXUH D
YDULHW\RIRFHDQRJUDSKLFSURSHUWLHVDWDGLVWLQFWORFDWLRQZLWKKLJKWHPSRUDOUHVROXWLRQ
$PRRULQJFRQVLVWVRIWKHJURXQGZHLJKWDZLUHDQGÁRDWVZKLFKNHHSWKHZLUHXSULJKW
LQWKHZDWHUFROXPQ2QWKHZLUHLQVWUXPHQWVDUHÀ[HGWRPHDVXUHHJWHPSHUDWXUH
VDOLQLW\FXUUHQWVSHHGDQGGLUHFWLRQVHDLFHWKLFNQHVVDQGXQGHUZDWHUVRXQG$OOGDWD
DUHUHFRUGHG LQWHUQDOO\$IWHU WKHHQGRI WKHREVHUYDWLRQSHULRG WKHZLUH LVUHOHDVHG
IURPWKHJURXQGZHLJKWE\PHDQVRIDQDFRXVWLFVLJQDO IURPPolarstern’s Posidonia 
V\VWHPDQGWKHÁRDWVWRZWKHZLUHZLWKWKH LQVWUXPHQWVWRWKHVXUIDFH7KLVDVFHQG
FDQEHVXUYH\HGE\WKH3RVLGRQLDV\VWHP$W WKHVHDVXUIDFHDVDWHOOLWH WUDQVPLWWHU
LVDFWLYDWHG,IZHGRQRWVSRWWKHPRRULQJZLWKRXUH\HVWKHVDWHOOLWHVLJQDOVKHOSXV
WRGHWHFWLW,QWKHLFHHLWKHUZHZHUHOXFN\DQGWKHÁRDWVIRXQGWKHLUZD\WKURXJKWKH
ÁRHVXSWRWKHVXUIDFHRUZHKDGWRORFDWHWKHPE\DFRXVWLFPHDQVXQGHUWKHLFHDQG
EUHDN WKHP IUHH7KHVKLSKDG WRDSSURDFK WKHPRRULQJYHU\ FDUHIXOO\ LQRUGHUQRW
WRFUDVKWKHPEHWZHHQWKHÁRHV7KHODVWIHZPHWHUVZHUHPDGHXVLQJWKHPDPP\
FKDLUIURPZKLFKWKHFRQQHFWLRQWRWKHVKLSZDVDFKLHYHGE\DURSH:LWKYHU\VPDOO
PRRULQJVWKHFKDQFHWRÀQGWKHPLQWKHLFHLVVPDOO7KHUHIRUHZHGLGQRWUHOHDVHWKH
PRRULQJ0$58+RZHYHULQRSHQZDWHUQRUPDOO\QRSUREOHPVRFFXUUHG+RZHYHULI
WKHUHZDVIRJZKLFKZDVRFFDVLRQDOO\WKHFDVHVLQFHZHKDGOHIWWKHLFHHYHQUHFRYHU\
in open water could be a challenge. Furthermore, with strong winds a great demand 
RQVNLOOVZDVUHTXLUHGIURPWKHVKLSҋVRIÀFHUVWREULQJWKHVKLSYHU\VPRRWKO\WRWKH
mooring without damaging it. 
2Q WKH *UHHQZLFK PHULGLDQ WKH &7'ZDWHU VDPSOHU ZDV RSHUDWHG ZLWK D VWDWLRQ
GLVWDQFHRIQP$ODUJHDQGSDUWLFXODUO\LURQIUHHZDWHUYROXPHZDVVDPSOHGIURP
WKH SK\WRSODQNWRQ JURXS ZLWK D ÀVK ZKLFK ZDV WRZHG IRU VHYHUDO KRXUV LQ D VDIH
distance from the ship to avoid contamination. The water was used for experiments 
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RQERDUGZKLFKDLPHGWRLQYHVWLJDWHWKHLQÁXHQFHRIWKHFKDQJLQJ&22 content of the DWPRVSKHUHRQSK\WRSODQNWRQJURZV
'XULQJWKHMRXUQH\WR6DQGDORQJWKH*UHHQZLFKPHULGLDQZHREWDLQHGVWDWLRQV
ZLWKWKH&7'ZDWHUVDPSOHU:HUHFRYHUHGPRRULQJVDQG3,(6DQGGHSOR\HG
PRRULQJVDQG3,(6:HODXQFKHG1(02DQG$3(;ÁRDWV
(DUO\ LQ WKHPRUQLQJRI WKH'HFHPEHUZHDUULYHG LQ IURQWRI$WND%LJKW7KH LFH
FRQGLWLRQVZHUHIDYRXUDEOHDQG LQFRQVHTXHQFHZHFRXOGHDVLO\ÀQGDEHUWKRQWKH
northern landing position at the front of the Ekström Ice Shelf. The station team arrived 
ZLWKWKH3LVWHQ%XOOLHVDWWKHLFHVKHOIIURQW)LQDOO\ZHIRXQGDJRRGORFDWLRQZLWKD
height of the ice front of 11 m where Polarstern VWD\HGXQWLO'HFHPEHUHYHQLQJ
E\PHDQVRIKHUWKUXVWHUV7KHXQORDGLQJRIFRQWDLQHUVEHJDQDQGWKHIXHOSLSHZDV
carried on the ice. When the fuel containers had arrived 280.000 l Arctic Diesel and 
27.000 l kerosine were pumped onshore. The unloading of 120 t of material and the 
loading of 50 tons proceeded fast. 
The helicopters were active to take snow samples to measure chemical substances 
IDUHQRXJKIURPWKHVKLSQRWWREHLQÁXHQFHGE\QHDUE\KXPDQDFWLYLW\7KHPDULQH
PDPPDOREVHUYDWLRQSURJUDPPHZDVFRQWLQXHG7KHDFRXVWLFRFHDQRJUDSK\JURXS
was taken to the station to continue from there with skidoos to the PALAOA site on the 
LFHVKHOI:KHQHYHUYLVLELOLW\DOORZHGÁLJKWVZHUHGRQHWRWKH1HXPD\HU,,,6WDWLRQ
2QHRIWKHVFLHQWLÀFFUXLVHSDUWLFLSDQWVKDGWROHDYHXVEHFDXVHWKHSHUVRQKDGIDOOHQ
VHULRXVO\LOODQGZDVQRWDEOHWRFRQWLQXHWKHFUXLVH7KDQNVWRWKH'520/$1ÁLJKW
QHWZRUN WKHSDWLHQWFRXOGEHÁRZQIURP1HXPD\HUVWDWLRQYLD1RYROD]DUHYVND\D WR
&DSH7RZQZLWKLQRQHQLJKWDQGWDNHQWRKRVSLWDOIURPZKHUHWKHSDWLHQWUHWXUQHGWR
*HUPDQ\
2Q'HFHPEHUWKH6RXWK$IULFDQVXSSO\DQGUHVHDUFKYHVVHOS.A. Agulhas arrived 
at the ice shelf edge in a distance of 1.5 nm to Polarstern:KHQWKHVXSSO\ZRUNKDG
been achieved, the visit of Polarstern ZDV WHUPLQDWHGZLWK D IDUHZHOO SDUW\ RQ WKH
LFH$WWKHERXQGDU\RIWKHVHDLFHEHOW LQIURQWRIWKHLFHVKHOIS.A. Agulhas carried 
RXWRFHDQRJUDSKLFVWDWLRQZRUN:KHQSDVVLQJE\ERWKVKLSVJUHHWHGHDFKRWKHUE\
blowing their horns. Still in Atka Bight Polarstern UHVXPHGVWDWLRQZRUNZLWKD&7'
station.
$IWHUKDYLQJÀQLVKHGWKHVXSSO\ZRUNVZHWXUQHGQRUWKWRUHFRYHUDQGUHGHSOR\PRRULQJ
AWI-244 and then steamed to the southernmost point of our cruise into the Weddell 
Sea at 71°06.5’ S 11°27’W near Kapp Norvegia. From there we started to work along 
DWUDQVHFWWRZDUGVWKH$QWDUFWLF3HQLQVXOD2Q&KULVWPDV(YHZHLQWHUUXSWHGVWDWLRQ
ZRUNWRHQMR\DQLFH&KULVWPDVFHUHPRQ\
:HPHWRQO\DIHZRSHQLFHÀHOGVRQRXUZD\DQGZHUHPRVWO\LQRSHQZDWHUXQWLOZH
met two ice belts reaching out of the southern Weddell Sea to the Northeast. One from 
14° to 23°W and the second from 37° to 42°W. However, the ice extended further to 
WKHZHVWDVH[SHFWHG2Q-DQXDU\ZHUHDFKHGWKHLFHHGJHDW::LWKWKH
LFHWKHVXQQ\ZHDWKHUKDGFDPHWRDQHQG:LQGVUHPDLQHGZHDNEXWZDUPDLUIURP
WKH QRUWK LPSOLHG SRRU YLVLELOLW\ DQG VRPHWLPHV HYHQ GHQVH IRJ*UDGXDOO\ WKH UDLQ
FKDQJHGWRVQRZIDOO%\ -DQXDU\ZLQGVLQFUHDVHGJUDGXDOO\KRZHYHUFDOPLQJGRZQ
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FRPSOHWHO\ZKHQXQGHUWKHVKHOWHURIODQGQHDUWKH$QWDUFWLF3HQLQVXOD
%\OHDYLQJWKHVHDLFHEHOWWKHVDPSOLQJRQLFHÁRHVFDPHWRDQHQG$VDFRQVHTXHQFH
WKHVHDLFHJURXSZDVEXV\WRDQDO\]HWKHFRUHVZKLFKWKH\KDGGULOOHGE\KHOSRIWKH
KHOLFRSWHUV7KH\GHWHUPLQHGWKHDLUFRQWHQWRIWKHLFHZKLFKZDVDSDUWLFXODUFKDOOHQJH
because up to now, there is no established technique available and in consequence 
had to be developed.
7KHZRUNRQWKH:HGGHOO6HDVHFWLRQSURFHHGHGIDVWEHFDXVHRIPDLQO\FDOPZHDWKHU
ZLWK RQO\ RSHQ LFH ÀHOGV WR FURVV7KH VWDWLRQ GLVWDQFH LQ WKH FHQWUDO:HGGHOO 6HD
UDQJHG IURP  WR  QP ,Q WKH:HGGHOO 6HD SURSHUZH DFKLHYHG &7'ZDWHU
VDPSOHUVWDWLRQV:HUHFRYHUHGPRRULQJVDQGGHSOR\HGQHZRQHV:HODXQFKHG
1(02ÁRDWV7KHKHOLFRSWHUÁLJKWVIRUZKDOHREVHUYDWLRQVZHUHFRQWLQXHG
2Q-DQXDU\DIWHUUHDFKLQJWKHVKHOIRIWKH$QWDUFWLF3HQLQVXODQHDU-RLQYLOOH
,VODQG ZH WXUQHG VRXWK DQG SDVVHG E\ 3DXOHW DQG 5RVDPHO ,VODQG WR HQWHU WKH
$QWDUFWLF6RXQG)URPWKHUHZHVWHDPHGWRWKHFHQWUDO%UDQVÀHOG6WUDLWZKHUHWKH
PDLQO\ELRORJLFDOSDUWRIRXUFUXLVHEHJDQZLWKDKDXOZLWKWKHHSLEHQWKRVVOHGJH2Q
-DQXDU\ZHVWDUWHGWKHVWDWLRQJULGZHVWRIWKH$QWDUFWLF3HQLQVXODQHDU7ULQLW\,VODQG
in direction towards the South Shetland Islands. On 10 parallel sections perpendicular 
WR WKHFRDVWKDXOVZLWKWKH5HFWDQJXODU0LGZDWHU7UDZO507DQGFDVWVZLWK&7'
water sampler occurred at stations of 20 nm distance. Starting between the South 
6KHWODQG ,VODQGV SDVVLQJ E\'HFHSWLRQ DQG6QRZ ,VODQG WKH WUDFNZHQW QRUWKZHVW
WRZDUGVWKHRSHQRFHDQ$IWHUQPWKHQRUWKZHVWHUO\FRUQHUZDVUHDFKHGZKHUH
WKHHSLEHQWKRVVOHGJHZDVGHSOR\HGLQDGGLWLRQWRWKHVWDQGDUGVWDWLRQ$ERXWQP
further to southwest the next section directed towards land began on which we passed 
6PLWKDQG/RZ,VODQG ,Q WKHQLJKW IURP WR-DQXDU\ZHUHDFKHG WKH ODQGVLGH
end of the section near Hoseason Island and turned to southwest to begin the third 
VHFWLRQ+RZHYHUGXULQJWKH-DQXDU\ZLQGDQGZDYHVKDGLQFUHDVHGWRDSRLQWWKDW
WKHVDIHGHSOR\PHQWRIWKH507ZDVQRWSRVVLEOHDQ\PRUH$VLWEHFDPHREYLRXVWKDW
a fast improvement of the weather could not be expected, we decided to do stations 
in the Gerlache Strait which were planned to be done later during the cruise. It was 
KRSHGWKDW  SURWHFWHGE\ WKHPRXQWDLQV WKHXVHRI WKH507VKRXOGEHSRVVLEOH
We entered the Gerlache Strait between Brabant and Anvers Island. The assumption 
WREHSURWHFWHG IURP WKHZLQGE\ WKHPRXQWDLQVZDVFRQÀUPHGDQGZRUNFRXOGEH
FRQWLQXHG7KHYLVLELOLW\ZDVVXIÀFLHQWWRWUDQVIRUPWKLVGHWRXULQWRDGHOLJKWIXOHYHQW
,QWKH*HUODFKH6WUDLWZHSURFHHGHGWRWKHQRUWKHDVWWRFDUU\RXWDVHFRQGVWDWLRQ2Q
WKHZD\DVKRUWYLVLWZLWKWKHKHOLFRSWHUWRWKH&KLOHDQVWDWLRQ*DEULHO*RQ]DOHV9LGHOD
was possible. 
After having completed stations 142 and 143, the weather improved and we left the 
*HUODFKH6WUDLWDQGVWDUWHGRQ-DQXDU\WKHWKLUGVHFWLRQIURP$QYHUV,VODQGWRWKH
QRUWKZHVW2QWKH-DQXDU\ZHUHDFKHGWKHRIIVKRUHHQGRIWKHVHFWLRQZKHUHZH
DJDLQ GHSOR\HG WKH HSLEHQWKRV VOHGJH )URP WKHUHZHZHQW IRU WKH IRXUWK VHFWLRQ
ZKLFKZHWHUPLQDWHGDJDLQLQVLJKWRI$QYHUV,VODQGRQ-DQXDU\
:LWKWKHH[FHSWLRQRIWKHRQHVWRUPRQ-DQXDU\ZHZHUHVSRLOHGE\WKHZHDWKHU
in this area. When we arrived we were received with calm weather and sunshine. 
:HKDGRSWLPDOFRQGLWLRQVIRUWKHKHOLFRSWHUÁLJKWVZKLFKZDVQRWRQO\RIDGYDQWDJH
IRUWKHZKDOHREVHUYHUVEXWDVZHOOIRUWKHFKHPLVWVZKRFRXOGÁ\WR/RZ,VODQGDQG
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collect 0.25 m3RIVQRZIRUODWHUDQDO\VLV$IWHUWKH-DQXDU\LWZDVZLQG\ZLVHFDOP
DJDLQKRZHYHUWKHYLVLELOLW\FKDQJHGVLJQLÀFDQWO\$WWLPHVGHQVHIRJVORZHGGRZQRXU
SURJUHVVDQGZKDOHREVHUYDWLRQÁLJKWVFRXOGQRWRFFXU2YHUDOOWKHZHDWKHUZDVPRUH
IDYRUDEOHDVH[SHFWHGKRZHYHUDQGWKHLQWHQVHORZSUHVVXUHV\VWHPVZHUHRQO\IDU
RIILQWKH3DFLÀF
8QWLO-DQXDU\ WKHVL[WKVHFWLRQRQ WKHNULOOJULGZDVFRPSOHWHG:HHNZLQGVDQG
IUHTXHQWVXQVKLQHPDGHZRUNHDV\7KHQZHLQWHUUXSWHGWKHNULOOVXUYH\DQGUHDFKHG
0DUJXHULWH%D\DQGWKH%ULWLVK5RWKHUD6WDWLRQRQ$GHODLGH,VODQGLQWKHQLJKWWR
-DQXDU\WRZKHUHZHKDGWRWDNHDYLDWLRQIXHO'XULQJWKHGD\Polarstern KDGWRVWD\
with the bow towards the wharf, because she has too much draught to go alongside. A 
SLSHZDVODLGE\ZKLFKOLWUHVRINHURVLQHZHUHSXPSHGRQVKRUH'HSHQGLQJ
RQWKHLUZRUNVFKHGXOHFUXLVHSDUWLFLSDQWVDQGFUHZKDGWKHSRVVLELOLW\WRJHWRQVKRUH
E\ERDW$WWKHVWDWLRQZHZHUHUHFHLYHGZDUPKHDUWHGO\OLNHROGIULHQGV,QWKHHYHQLQJ
ZHOHIWDJDLQDIWHUDMR\IXOIDUHZHOOSDUW\RQGHFNWRH[SUHVVRXUJUDWLWXGHIRUWKHNLQG
KRVSLWDOLW\JUDQWHG
On the island the air chemists used the helicopter to collect snow samples to measure 
SROOXWDQWV7KHZKDOHREVHUYDWLRQSURJUDPPHZDVFRQWLQXHGRQIXUWKHUVXUYH\OLQHV
ZLWKWKHKHOLFRSWHUV7KHPDULQHDFRXVWLFVJURXSXVHGWKHRFFDVLRQWRGLSDK\GURSKRQH
LQWRWKHZDWHUDZD\IURPWKHQRLV\VKLSWRREVHUYHPDULQHPDPPDOYRFDOL]DWLRQV7KH\
FRXOGQRWREWDLQDUHFRUGIURPWKHHOHSKDQWVHDOIRUZKLFKWKH\VHWRIIEXWPDQ\RWKHU
noises as for example from melting ice.
2Q-DQXDU\WKHSHULRGRIJRRGZHDWKHUKDGFRPHWRDQHQGDQGZHKDGWRFRSH
with less favourable conditions. We had to interrupt the krill programme because there 
ZHUHWRRPXFKZLQGDQGZDYHVWRRSHUDWHWKH5072Q-DQXDU\WKHZLQGDQGVZHOO
had calmed down and station work was continued. 
2Q-DQXDU\DUDUHFDWFKRFFXUUHGDWVWDWLRQZKHQLQWKHFRGHQGRIWKH507DQ
extreme high concentration of krill larvae of 334,000 individuals per 1,000 m3RIÀOWHUHG
water was found. This was the second highest concentration which was observed 
since 1980.
7KH NULOO JULG ZDV ÀQDOL]HG DIWHU  VHFWLRQV RQ  -DQXDU\:H VWHDPHG WKURXJK
Bismark Strait towards Gerlache Strait where the last station with the epibenthos 
VOHGJHVKRXOGRFFXU%XWLWKDGWREHFDQFHOOHGEHFDXVHWKHERWWRPWRSRJUDSK\ZDV
WRRURXJK7KHUHIRUHRQO\WKH507DQGWKH&7'ZDWHUVDPSOHUV\VWHPZHUHDSSOLHG
$WWKHHQWUDQFHLQWRWKH*HUODFKH6WUDLWZHSDVVHGE\WKH*RXGLHU,VODQGRQZKLFKD
%ULWLVKVXPPHUVWDWLRQLVORFDWHG,WLVWKHIRUPHU´%DVH$´ZKLFKZDVHVWDEOLVKHGLQ
LQWKHFRQWH[WRIWKH2SHUDWLRQ7DEDULQDQGLVPDLQWDLQHGWRGD\E\WKH$QWDUFWLF
+HULWDJH7UXVW$JDLQZHH[SHULHQFHGDQH[WUHPHIULHQGO\UHFHSWLRQ
After steaming through Gerlache Strait, we crossed Drake Passage. We left the 
$QWDUFWLFRQ)HEUXDU\DW/7ZKHQZHFURVVHG6WRZDUGVWKHQRUWK7KHQ
ZHGLGWKHWZRODVWVWDWLRQVDQGZLWKODXQFKLQJWZR$UJRÁRDWVDQGUXQWZR
&7'SURÀOHVIRUVHQVRUFDOLEUDWLRQ5HVHDUFKZDVÀQLVKHGRQ)HEUXDU\RQ/7
at 58°20’S 63°30.4‘W. After steaming through the Lemaire Strait and Magellan Strait 
ZHUHDFKHGWKH0DUGRQHV3LHULQ3XQWD$UHQDV&KLOHRQ6DWXUGD\)HEUXDU\
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at 8:00, where the cruise ended. 
:HKDGEHHQDWVHDIRUGD\VDQGPDGHQP$WVWDWLRQVZHDFKLHYHG
&7'ZDWHUVDPSOLQJSURÀOHVKDXOVZLWKWKH507DQGZLWKWKHHSLEHQWKRVVOHGJH
:HUHFRYHUHGPRRULQJVDQGGHSOR\HGQHZRQHV:HODXQFKHGÁRDWV7KH
helicopters operated 176 hours. The whale observers could monitor over a distance of 
DERXWNP7KHHQURXWHPHDVXUHPHQWVRIFKHPLFDODQGSK\VLFDOSDUDPHWHUV
and the whale observations from the ship, visual or with the thermal sensor completed 
WKHDEXQGDQWGDWDVHWZKLFKZLOONHHSXVEXV\IRUWKHQH[WPRQWKVDQGHYHQ\HDUV
7KHFUXLVHWUDFNLVGLVSOD\HGLQ)LJXUH
7KHSK\VLFDORFHDQRJUDSK\SURJUDPPHLQWHQGHGWRLQYHVWLJDWHWKHUROHRIWKH6RXWKHUQ
2FHDQLQWKHJOREDOFOLPDWHV\VWHP+HUHZHIRFXVHGRQWKH$WODQWLFVHFWRULQFOXGLQJ
the Weddell Sea. The Antarctic Ocean contributes through atmosphere-ice-ocean 
LQWHUDFWLRQSURFHVVHVWRWKHYDULDELOLW\RIWKHFOLPDWHV\VWHP$PDMRUFRQWULEXWLRQRI
the global deep and bottom water formation occurs in the Weddell Sea. It is controlled 
E\WKHWUDQVSRUWRIVRXUFHZDWHUVLQWRWKH:HGGHOO6HDSURFHVVHVZLWKLQWKH:HGGHOO
6HDDQGWKHWUDQVSRUWRIPRGLÀHGZDWHURXWRIWKH:HGGHOO6HD
Recent observations indicate that the water mass properties of the Warm Deep Water 
DUH VXEMHFW WR VLJQLÀFDQW YDULDWLRQV $IWHU DQ LQLWLDO ZDUPLQJ DQG VDOLQLW\ LQFUHDVH
REVHUYHG GXULQJ WKH HLJKWLHV DQG QLQHWLHV FRROLQJ RFFXUUHGZKLFK HQGHG E\ DERXW
LVQRZIROORZHGE\ZDUPLQJDJDLQ7KHPHDVXUHPHQWVRIWKLVFUXLVHLQGLFDWHG
WKDW WKHZDUPLQJJRHVRQ$W WKH VDPH WLPH VDOLQLW\ GHFUHDVHV7KH YDULDWLRQVDUH
PRVWOLNHO\GXHWRFKDQJHVLQWKHLQÁRZIURPWKHFLUFXPSRODUZDWHUEHOWLQFRPELQDWLRQ
ZLWKFKDQJHVLQWKHLFHRFHDQDWPRVSKHUHLQWHUDFWLRQLQWKH:HGGHOO6HDLQGXFHGE\
changes in the atmospheric forcing conditions. 
2Q RXU ZD\ VRXWK ZH KDG FURVVHG WKH$QWDUFWLF &LUFXPSRODU &XUUHQW $&& 7KLV
gigantic ocean current moves 140 Mio m3 water per second around Antarctica and is 
WKHRFHDQFXUUHQWZLWKWKHODUJHVWZDWHUWUDQVSRUWRQHDUWK%\LWVWUDQVSRUWWKH$&&
IRUPVRXWRILQGLYLGXDORFHDQEDVLQVRQHJOREDOV\VWHP7KLVLVRILPSRUWDQFHVLQFHWKH
$&&WUDQVSRUWVKHDWDQGGLVVROYHGVXEVWDQFHVVXFKDVFDUERQGLR[LGH%\WKDWPHDQV
WKH$WODQWLF2FHDQFDQSURÀWIURPWKHKHDWFROOHFWHGLQWKH,QGLDQ2FHDQ7KLVOHDGV
to the relative heat excess of the North Atlantic since the heat is transported across 
the equator from the Southern Ocean to the north. For this reason it makes sense to 
PHDVXUHWKHWUDQVSRUWÁXFWXDWLRQVRIWKH$&&LQRUGHUWRXQGHUVWDQGWKHJOREDOFOLPDWH
V\VWHP:HFRQWULEXWHWRWKHVHPHDVXUHPHQWVZLWKRXU3,(6V
,Q WKH FRQWH[W RI WKH +$)26 +\EULG$QWDUFWLF )ORDW 2EVHUYDWLRQ 6\VWHP ZH KDG
GHSOR\HG  $UJR ÁRDWV DQG  VRXQG VRXUFHV IRU 5$)26 QDYLJDWLRQ GXULQJ WKH
FUXLVH7KHÁRDWVGULIWLQRUPGHSWKVDQGUHWXUQHYHU\GD\VWRWKHVHD
VXUIDFH2QWKHZD\ WKH\PHDVXUHYHUWLFDOSURÀOHVRI WHPSHUDWXUHDQGVDOLQLW\7KH
GDWDLVWUDQVPLWWHGYLDVDWHOOLWHWRODQG:KHQWKH\DUHDWWKHVXUIDFHWKHLUSRVLWLRQLV
GHWHUPLQHGE\*36$WSUHVHQWZRUOGZLGHDERXWÁRDWVDUHDFWLYHDQGIRUPWKH
PDMRUFRPSRQHQWRIWKH*OREDO2FHDQ2EVHUYLQJ6\VWHP*226,WLVRXUFKDOOHQJH
WRH[WHQGWKHV\VWHPLQWRWKHVHDLFHDUHDVZKHUHWKHÁRDWVDUHQRWDEOHWRUHDFKWKH
VXUIDFHDQ\PRUH
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The water samples were used to measure the content of dissolved carbon dioxide 
&22DQWKURSRJHQLFDQGQDWXUDOWUDFHVXEVWDQFHVR[\JHQDQGELRORJLFDOSURSHUWLHV7KHPHDVXUHPHQWVRIGLVVROYHG&22 are used to determine the role of the Southern 2FHDQLQWKHJOREDOFDUERQF\FOH7KH6RXWKHUQ2FHDQLVRISDUWLFXODULQWHUHVW'XHWR
WKHXSWDNHRI&22 from the atmosphere during intermediate and bottom water formation DVZHOODVE\SULPDU\SURGXFWLRQRISK\WRSODQNWRQWKH6RXWKHUQ2FHDQDFWVDVD&22VLQN IRU WKHDWPRVSKHUH2Q WKHRWKHUKDQG WKHXSZHOOLQJRI&22 ULFK&LUFXPSRODU'HHS:DWHUSUHVHQWVD&22 source for the atmosphere. It is the aim of the chemists, SK\VLFLVWV DQG ELRORJLVWV WR TXDQWLI\ WKH LQWHUDFWLRQ RI WKHVH SURFHVVHV LQ RUGHU WR
estimate the net result. The anthropogenic and natural trace substances provide the 
SRVVLELOLW\WRHVWLPDWHWKHH[FKDQJHVEHWZHHQDWPRVSKHUHDQGRFHDQDQGWRIROORZWKH
spreading of the water masses within the ocean.
2[\JHQFRQFHQWUDWLRQVZHUHPHDVXUHGLQRUGHUWRGUDZFRQFOXVLRQVRQDWPRVSKHUH
RFHDQH[FKDQJHDQGWRGHYHORSWHVWDQGLPSURYHVHQVRUVWRPHDVXUHR[\JHQZLWK
KLJKDFFXUDF\DQG ORQJ WHUPVWDELOLW\7KLV LV WKHSUHFRQGLWLRQ WRXVH WKHVHVHQVRUV
XQFRQWUROOHGRQDXWRQRPRXVIUHHO\GULIWLQJÁRDWV2QRXUFUXLVHZHGHSOR\HGRIVXFK
ÁRDWVZKLFKZHUHHTXLSSHGZLWKR[\JHQVHQVRUV
7KH FKHPLVWV VWXG\ SHUVLVWHQW RUJDQLF SROOXWDQWV 323V VXFK DV SRO\FKORULQDWHG
ELSKHQ\OV 3&%V DQG SRO\EURPLQDWHG GLSKHQ\O HWKHUV 3%'(V ZKLFK DUH EHLQJ
transported in the atmosphere into remote areas. The aim of the project is to determine 
´QHZµSRVVLEOH323VHJDOWHUQDWLYHÁDPHUHWDUGDQWVDQGVHYHUDOOHJDF\323VZLWK
respect to their transport and exchange between the atmosphere and seawater. 
Observation programmes of marine mammals included visual observations from the 
bridge, the craws nest and the helicopter as well as automatic detection. An automatic 
ZKDOHEORZGHWHFWLRQV\VWHPZDVGHYHORSHGRQ WKHEDVLVRI WKHUPRJUDSKLF LPDJHV
from a 360° scanning IR sensor. To this end, visual observations and thermographic 
LPDJHVZHUH FROOHFWHG FRQWLQXRXVO\ WKURXJKRXW WKH FUXLVH7R WHVW WKH HIÀFLHQF\ RI
GHWHFWLRQDOJRULWKPVIRUYDULRXVVSHFLHVDQGXQGHUYDU\LQJHQYLURQPHQWDOFRQGLWLRQV
autodetections shall be compared with sightings from an independent observer team. 
7KHYLVXDOPDULQHPDPPDOREVHUYDWLRQVZHUHFDUULHGRXWE\KHOLFRSWHUÁLJKWVDORQJ
D ZHOO GHÀQHG JULG WR GHWHUPLQH WKH SUHVHQFH DQG WKH VSHFLHV GLVWULEXWLRQ 7KH
REVHUYDWLRQV IROORZHG D FOHDUO\ GHÀQHG SURWRFRO WR DVVXUH WKDW GDWD IURP GLIIHUHQW
groups are compatible and large scale pattern can be derived. There was particular 
H[FLWHPHQWZKHQ YHU\ UDUH VSHFLHV RU VSHFLDO HYHQWVZHUH REVHUYHG HJZKHQ D
group of killer whales was chasing an Antarctic minke whale calf or a blue whale was 
HQFRXQWHUHG'XULQJWKLVFUXLVHRQO\RQHVSHFLPHQRIWKLVUDUHVSHFLHVZDVGHWHFWHG
,QWKHWKLUWLHVRIODVWFHQWXU\RIWKHPZHUHKXQWHGLQRQHVHDVRQ
$JUHDWVXUSULVHZDVRIIHUHGE\WKHRFHDQDFRXVWLFVJURXSZKLFKPDLQWDLQVWKHSHUPDQHQW
3$/$2$REVHUYDWRU\ZLWKK\GURSKRQHVXQGHUWKHLFHVKHOI7KRVHK\GURSKRQHVGRQRW
RQO\UHFRUGQRLVHVIURPPDULQHPDPPDOVEXWDVZHOOIURPLFHEHUJVRULFHÁRHVZKLFK
break and collide. The acoustic station was located in a distance of about 1.5 km from 
WKH LFH VKHOI IURQW2Q)HEUXDU\ZHZHUH LQIRUPHGE\ WKH VWDII RI WKH1HXPD\HU
VWDWLRQWKDWDSLHFHRIP[PEURNHRII WKH LFHVKHOI IRXUGD\VDJR1RZ
3$/$2$KDVRQO\DGLVWDQFHRIDERXWPIURPWKHVKHOILFHIURQW)XUWKHUFUDFNVLQ
the ice shelf raise concern on the future of PALAOA.
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7KHGDWDREWDLQHGGXULQJWKHNULOOVXUYH\ZLOOEHDQDO\]HGLQWKHFRQWH[WRIWKH&&$0/5
&RQYHQWLRQIRUWKH&RQVHUYDWLRQRI$QWDUFWLF0DULQH/LYLQJ5HVRXUFHVWRZKLFKWKH
Johann Heinrich von Thünen-Institut provides a German contribution. The results of 
WKHFDWFKHVZLOOEHVXEPLWWHGWRWKH&&$0/5ZRUNLQJJURXSPHHWLQJVWRVXSSRUWWKH
monitoring of the krill stocks in the Southern Ocean and the management of the krill 
ÀVKHU\7KHREVHUYHGNULOOGHQVLW\ZDVVPDOOHUWKDQWKHORQJWHUPDYHUDJH
Studies on the spawning success, survival rates and recruitment success are essential 
WRGHYHORSSUHGLFWLRQPRGHOVIRUWKHGHYHORSPHQWRIWKHNULOOVWRFNV7KH&RQYHQWLRQ
RQWKH&RQVHUYDWLRQRI$QWDUFWLF0DULQH/LYLQJ5HVRXUFHVFDPHLQWRIRUFHLQDV
SDUWRIWKH$QWDUFWLF7UHDW\6\VWHP,WZDVHVWDEOLVKHGPDLQO\LQUHVSRQVHWRFRQFHUQV
that an increase in krill catches in the Southern Ocean could have a serious impact 
RQSRSXODWLRQVRINULOODQGRWKHUPDULQHOLIHSDUWLFXODUO\RQELUGVVHDOVDQGÀVKZKLFK
PDLQO\GHSHQGRQNULOOIRUIRRG7KHDLPRIWKH&RQYHQWLRQLVWRFRQVHUYHPDULQHOLIHRI
the Southern Ocean. 
%LRORJLFDO SDUDPHWHUV VXFK DV VH[ UDWLR DJH FRPSRVLWLRQ DQG PDWXULW\ VWDJH
development of the krill were determined from each sample. The krill larvae distribution 
DQGHFRORJ\ZHUHFRUUHODWHGZLWKSDUWLFXODUZDWHUPDVVHVSURSHUWLHV7KHDPSKLSRG
Themisto gaudichaudi was studied as an important mesozooplankton predator. Salps 
(Salpa thompsoniZHUHFROOHFWHGIURPWKHFDWFKHVWRFDUU\RXWWUDQVFULSWRPHDQDO\VLV
E\ZKROHJHQRPH51$VHTXHQFLQJWRFKDUDFWHUL]HJHQHH[SUHVVLRQSURÀOHVLQUHODWLRQ
WROLIHKLVWRU\SURFHVVHVDQGHQYLURQPHQWDOFRQGLWLRQV
7KH FDWFKHVZLWK WKH HSLEHQWKRV VOHGJHZHUH DLPHGDW WKH VWXG\ RI WKH SHULFDUGLD
RUGHU &XPDFHD &UXVWDFHD 7KH LQIRUPDWLRQ DERXW WKH FXPDFHDQV IURP WKH GHHS
VHDFRPSOHWHVWKHUHVXOWVIURPWKH$1'((3H[SHGLWLRQVDERXWWKHELRGLYHUVLW\IDXQDO
RYHUODSDQGELRJHRJUDSK\RIWKLVSHUDFDULGHDQJURXS$QXPEHURIQHZVSHFLHVZLOO
KDYHWREHLGHQWLÀHGDQGGHVFULEHG
(QYLURQPHQWDOIDFWRUVOLNHFKDQJLQJDWPRVSKHULF&22 concentrations and the ongoing RFHDQDFLGLÀFDWLRQDVZHOODVWRVHDVRQDOFKDQJHV LQ&22 were found to also exert FRQWURO RQ ERWK SK\WRSODQNWRQ VWUXFWXUH DQG JURZWK 7R FKDUDFWHUL]H SK\WRSODQNWRQ
SRSXODWLRQV DORQJ WKH FUXLVH WUDFN RQGHFN &22/iron perturbation experiments with QDWXUDO SK\WRSODQNWRQ FRPPXQLWLHV ZHUH SHUIRUPHG $IWHU  ZHHNV RI LQFXEDWLRQ
WLPHLWZDVSRVVLEOHWRÀQDOL]HD&22-iron-manipulation experiment in which species FRPSRVLWLRQSULPDU\SURGXFWLRQDQGSK\VLRORJ\RIQDWXUDOSK\WRSODQNWRQFRPPXQLWLHV
XQGHUGLIIHUHQW&22FRQGLWLRQVSUHLQGXVWULDOWRGD\ҋVYDOXHVRUIXWXUHVFHQDULRVDQGLURQ FRQFHQWUDWLRQV ZHUH LQYHVWLJDWHG 'HSHQGLQJ RQ WKH &22 and iron conditions, GLIIHUHQW SK\WRSODQNWRQ VSHFLHV ZHUH DEOH WR GRPLQDWH WKH FRPPXQLW\ 7KHVH
SUHOLPLQDU\ ÀQGLQJV KLQW WR RWKHU LQWHUHVWLQJ UHVXOWV RI WKH VDPSOHV \HW WR DQDO\]H
The goal of further biochemical work was to map, with high spatial resolution, the 
ÀQHVFDOHGLVWULEXWLRQRIVXUIDFHZDWHUS&22ELRORJLFDOR[\JHQVDWXUDWLRQ22$UDQGGLPHWK\OVXOÀGH'06XVLQJVKLSERDUGPDVVVSHFWURPHWU\
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Klaus Buldt, Manfred Gebauer
Deutscher Wetterdienst
PolarsternOHIW&DSH7RZQVRXWKZHVWZDUGVLQRUGHUWRUHDFKWKH*UHHQZLFKPHULGLDQ
From here the ship steamed southwards towards the German Antarctic Station 
1HXPD\HU,,,'XULQJWKLVWLPHWKHDYHUDJHWHPSHUDWXUHGHFUHDVHGIURPYDOXHVQHDU
&EHORZIUHH]LQJSRLQW)LJDFFRUGLQJWRODWLWXGH7KHKLJKSUHVVXUHLQÁXHQFH
GHFUHDVHGDQGWKHÀUVWWURXJKVRIWKHIURQWDODWPRVSKHULFDUHDUHDFKHGXVVRXWKRI6
,WODVWHGXSWR6$WWKHQRUWKHUQHGJHRIF\FORQHVSDVVLQJWKURXJKLQWHUPHGLDWHO\
VWRUP\ZHVWHUO\ZLQGVVWDUWHGWRLQÁXHQFHXV)RUWKHPRVWSDUWRIWKHWLPHWKHZLQG
EOHZIURPZHVWHUO\GLUHFWLRQVZLWKDYHUDJHZLQGIRUFHWR)LJ
2Q'HFHPEHUWKHIROORZLQJZHDWKHUZDVW\SLFDOIRUWKHZHDWKHULQWKHODWLWXGHEDQG
between 40° and 60°S. The trough of a gale low approached from the west. Deepening 
LWPRYHGHDVWZDUGVRQ6)LJ,QIURQWRIWKHZDUPIURQWWKHZLQGVKLIWHGWR
QRUWKDQGLQFUHDVHGXSWR%IWDQGWKHYLVLELOLW\GHWHULRUDWHGUDSLGO\7KHFROGIURQW
IROORZHGYHU\IDVWDFFRPSDQLHGE\VRPHUDLQ$IWHUZDUGVWKHUHEOHZDVWRUP\ZHVWHUO\
ZLQGZLWK%IWDQGVKRZHUVEXWRWKHUZLVHJRRGYLVLELOLW\$WWKHUHDURIWKHORZWKH
following ridge of high pressure turned the wind direction to southwest (wind direction 
LHGLUHFWLRQIURPZKHUHWKHZLQGEORZV)LQDOO\WKHZLQGFDOPHGGRZQDQGVKLIWHGWR
northwest.
)XUWKHU JDOH ORZV IROORZHG DQG SUHGRPLQDQWO\ LW ZDV FORXG\ )LJ  1HXPD\HU
6WDWLRQZDVUHDFKHGRQ'HFHPEHUDFFRPSDQLHGE\FDOPZHDWKHUDOWKRXJKIUHTXHQW
patches of fog complicated the working process.
/HDYLQJ1HXPD\HU6WDWLRQWKHVHFRQGSDUWRIWKHFUXLVHWKURXJKWKH:HGGHOO6HDVWDUWHG
aiming for the northern point of the Antarctic Peninsula. Large areas were crossed in 
SDUWO\GHQVHSDUWO\ORRVHGLFHÀHOGV:HZHUHQRWDIIHFWHGE\LQWHQVLYHJDOHORZVRQO\
PRVWO\VHFRQGDU\ORZVSDVVHGWKHVKLSDVLWZDVRQWKH -DQXDU\)LJ,QIURQW
RIWKHORZWKHZLQGVKLIWHGWRQRUWKHUO\GLUHFWLRQVDWWKHUHDUWRVRXWKHUO\GLUHFWLRQV
%XWPRVWO\WKHFHQWUHRIWKHORZZDVIDU LQWKHQRUWKHDVWHUO\GLUHFWLRQVGRPLQDWHG
DVWKHGLVWULEXWLRQRIZLQGGLUHFWLRQVLQGLFDWH)LJ7KHDYHUDJHZLQGIRUFHZDV
WR%IW)LJEXWGXHWRWKHLFHÀHOGVZDYHVFRXOGQRWGHYHORSVLJQLÀFDQWO\KLJK
'HVSLWHWKHDEVHQFHRILQWHQVLYHF\FORQHVLWZDVPRVWO\FORXG\ZLWKDKLJKDPRXQWRI
TXLWHORZFORXGVDOVRIRJZKLFKZDVFDXVHGE\ORZWHPSHUDWXUHVWKXVWKHGHZSRLQW
ZDVTXLFNO\UHDFKHGLQGXFLQJFRQGHQVDWLRQ)LJ7HPSHUDWXUHVRI&DURXQG
WKH$WND%D\URVHWRIUHH]LQJSRLQWLQWKHDUHDRI$QWDUFWLF6RXQG)LJ$WWKHHQG
RIWHPSRUDU\KLJKSUHVVXUHLQÁXHQFHVRPHORZVSDVVHGWKURXJKQRUWKRIWKH$QWDUFWLF
3HQLQVXOD7KH\PDGHÁLJKWFRQGLWLRQVZRUVH7KH$QWDUFWLF6RXQGZDVUHDFKHGDIWHU
SDVVLQJVRPHIRJSDWFKHVRQ-DQXDU\
22
ANT-XXVII/2
Fig. 2.1: Distribution of air temperature from Cape Town to Neumayer Station
Fig. 2.2: Distribution of cloud cover from Cape Town to Neumayer Station
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Fig. 2.3: Wind direction from Cape Town to Neumayer Station
Fig. 2.4: Wind force from Cape Town to Neumayer Station
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Fig. 2.5: A typical weather situation during the transect from Cape Town to Neumayer Station
Fig. 2.6: A typical weather situation during the transect in the Weddell Sea
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 Fig. 2.7: Wind direction in the Weddell Sea
Fig. 2.8: Wind force in the Weddell Sea
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Fig. 2.9: Distribution of air temperature in the Weddell Sea
Fig. 2.10: Distribution of cloud cover in the Weddell Sea
From that time on work was done west of the Antarctic Peninsula as the third part of 
WKHFUXLVH'XULQJWKH-DQXDU\DJDOHORZPRYHGWRWKHQRUWKZHVWHUQSDUWRIWKH
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Antarctic 3HQLQVXOD$VWRUP\QRUWKHDVWHUO\ZLQGGHYHORSHG7HPSRUDU\WKHZRUNZDV
continued in Gerlache Strait, until the low weakened. Rothera Station was reached on 
WKH-DQXDU\DQGOHIWLQWKHHYHQLQJ)URPZHVWDYHU\VWURQJDQGH[WHQVLYHJDOHORZ
approached along 60°S latitude. When its warm front reached the ship, the wind blew 
ZLWKWR%IWIURPQRUWKHDVWGXULQJWKHQLJKWRQWKH-DQXDU\)LJ6RRQWKH
YLVLELOLW\GHWHULRUDWHGDQGWKHZDYHKHLJKWUHDFKHGPRUHWKDQPGXHWRWKHORQJIHWFK
DORQJWKHZHVWFRDVWRIWKH$QWDUFWLF3HQLQVXOD6ORZO\WKLVORZPRYHGRQWRHDVWDQG
ZDYHVDQGVZHOOKHLJKWVGHFUHDVHGDQG WKHYLVLELOLW\ LPSURYHG7KHIROORZLQJULGJH
RIKLJKSUHVVXUHLQGXFHGDVRXWKHUO\IUHVKZLQG$WPRVSKHULFLQVWDELOLW\DQGDQXSSHU
WURXJKLQGXFHGVRPHVQRZVKRZHUVRWKHUZLVHWKHYLVLELOLW\ZDVJRRG7KHQZHDWKHU
FRQGLWLRQVZHUH IDLUO\JRRGGXULQJ WKHZRUNZHVWRI WKH$QWDUFWLF3HQLQVXODH[FHSW
ZKHQ*HUODFKH6WUDLWZDVSDVVHG)LQDOO\WKHVKLSZDVKHDGLQJIRUWKH'UDNH3DVVDJH
DQGWKHVKLSZDVLQÁXHQFHGE\VWURQJQRUWKZHVWHUO\DQGZHVWHUO\ZLQGVVRPHWLPHV
with gale wind force.
7KHDYHUDJHZLQGIRUFHGXULQJWKHWLPHZHVWRIWKH$QWDUFWLF3HQLQVXODDQGWKHZD\WR
3XQWD$UHQDVZDVWR%IW)LJWKHSUHYDLOLQJZLQGGLUHFWLRQVZHUHQRUWKHDVW
WR HDVW )LJ  WKH DFFRPSDQ\LQJ WHPSHUDWXUHVZHUHPRVWO\ EHWZHHQ IUHH]LQJ
SRLQWDQG&)LJ9HU\RIWHQLWZDVFORXG\GXHWRF\FORQDODFWLYLW\ZLWKVRPH
LQWHUPHGLDWHVSRWVRIVXQVKLQH)LJ
3XQWD$UHQDVZDVUHDFKHGRQWKH)HEUXDU\
Fig. 2.11: A typical weather situation during the krill survey west of the Antarctic Peninsula
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Fig. 2.12: Wind direction during the krill survey west of the Antarctic Peninsula
Fig. 2.13: Wind force during the krill survey west of the Antarctic Peninsula
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Fig. 2.14: Distribution of air temperature during the krill survey west of the Antarctic Peninsula
Fig. 2.15: Distribution of cloud cover during the krill survey west of the Antarctic Peninsula
30
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3.1 Decadal variations of water mass properties in the Atlantic sector 
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Objectives
The densest bottom waters of the global oceans originate in the Southern Ocean. 
Production and export of these dense waters constitute a vital component of the global 
FOLPDWHV\VWHP7KHIRUPDWLRQRIGHQVHZDWHULQSRODUDUHDVLVFRQWUROOHGE\WKHGHOLFDWH
EDODQFHEHWZHHQVXSSO\RI IUHVKZDWHU WKURXJKSUHFLSLWDWLRQDQGPHOWRIFRQWLQHQWDO
DQGVHDLFHDQGWKHH[WUDFWLRQRIIUHVKZDWHUE\VHDLFHIRUPDWLRQDQGHYDSRUDWLRQ7KH
LQÁXHQFHRI6RXWKHUQ2FHDQZDWHUVFDQEHWUDFHGIDULQWRWKHQRUWKHUQKHPLVSKHUH
$VGHHSDQGERWWRPZDWHUVWKH\UHSUHVHQWWKHGHHSHVWOD\HURIWKHJOREDORYHUWXUQLQJ
FLUFXODWLRQ7KH$QWDUFWLF&LUFXPSRODU&XUUHQW$&&WKHZRUOGVPRVWSRZHUIXOFXUUHQW
V\VWHPWUDQVSRUWVDERXW6Y6 m3 s-1RIZDWHUDWDOOGHSWKV,WFRQQHFWVWKHWKUHH
ocean basins and forms an isolating water ring around the Antarctic continent. South 
RIWKH$&&LQWKHVXESRODUUHJLRQZDUPDQGVDOW\ZDWHUPDVVHVDUHFDUULHGLQWKH
VXESRODUJ\UHVWRWKHFRQWLQHQWDOPDUJLQVRI$QWDUFWLFD7KHPRVWSURPLQHQWDUHWKH
:HGGHOODQG5RVVJ\UHV,QWKHVXESRODUJ\UHVZDWHUPDVVPRGLÀFDWLRQRFFXUVWKURXJK
RFHDQLFHDWPRVSKHUHLQWHUDFWLRQVDQGPL[LQJZLWKDGMDFHQWZDWHUPDVVHV7KH$&&
LVG\QDPLFDOO\ OLQNHGWRPHULGLRQDOFLUFXODWLRQFHOOV IRUPHGE\VRXWKZDUGDVFHQGLQJ
ÁRZLQLQWHUPHGLDWHGHSWKIHHGLQJLQWRQRUWKZDUGÁRZDERYHDQGEHORZ,QWKHGHHS
cell water sinking near the continental water spreads to the adjacent ocean basins, in 
WKHVKDOORZFHOO WKHQRUWKZDUGÁRZRFFXUV LQWKHQHDUVXUIDFHOD\HUV'HQVHZDWHUV
DUHSURGXFHGDWVHYHUDOVLWHVQHDUWKHFRQWLQHQWDOPDUJLQVRI$QWDUFWLFD4XDQWLWDWLYHO\
WKHPRVW LPSRUWDQW UHJLRQ IRUGHQVHZDWHU IRUPDWLRQPD\ZHOOEH WKH:HGGHOO6HD
+RZHYHURWKHUDUHDVSURYLGHVLJQLÀFDQWFRQWULEXWLRQVDVZHOO
7KHEDVLFPHFKDQLVPRIGHQVHZDWHUJHQHUDWLRQ LQYROYHVXSZHOOLQJRI&LUFXPSRODU
'HHS:DWHUZKLFKLVUHODWLYHO\ZDUPDQGVDOW\LQWRWKHVXUIDFHOD\HUZKHUHLWFRPHV
LQWR FRQWDFW ZLWK WKH DWPRVSKHUH DQG VHD LFH 7KH QHZO\ IRUPHG ERWWRP ZDWHU LV
VLJQLÀFDQWO\FROGHUDQGVOLJKWO\ IUHVKHUDV WKH LQLWLDO&LUFXPSRODU'HHS:DWHUZKLFK
indicates heat loss and the addition of freshwater. Since freshwater input in the upper 
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RFHDQLFOD\HUVLVSURKLELWLYHWRVLQNLQJWKURXJKLQFUHDVLQJVWDELOLW\RIWKHZDWHUFROXPQ
LWKDVWREHFRPSHQVDWHGE\VDOWJDLQ WKURXJKIUHVKZDWHUH[WUDFWLRQ7KHXSZHOOHG
ZDWHULVIUHVKHQHGE\SUHFLSLWDWLRQDQGPHOWLQJRIJODFLDODQGVHDLFH)UHVKZDWHURI
glacial origin is supplied from the ice shelves or melting icebergs. Ice shelves melt 
DWWKHLUIURQWVDQGXQGHUVLGHVUHODWHGWRWKHRFHDQLFFLUFXODWLRQLQWKHFDYLW\,FHEHUJ
PHOWLQJGHSHQGVKLJKO\RQWKHLFHEHUJGULIWDQGFDQVXSSO\IUHVKZDWHUWRDUHDVGLVWDQW
IURPWKHVKHOYHVDVWKH$QWDUFWLFIURQWDOV\VWHP'XHWRWKHVSDWLDOVHSDUDWLRQRIPDMRU
freezing and melting areas of sea ice cooling and salt release during sea-ice formation 
FDXVHWKHFRPSHQVDWLRQRIWKHIUHVKZDWHUJDLQDQGVXEVHTXHQWO\WKHGHQVLW\LQFUHDVH
ZKLFKLVQHHGHGIRUERWWRPZDWHUIRUPDWLRQ6LJQLÀFDQWSDUWVRIWKHVDOWDFFXPXODWLRQ
RFFXURQ WKH$QWDUFWLF VKHOYHV LQ FRDVWDO SRO\Q\DV6LQFHH[WUHPHKHDW ORVVHVFDQ
RQO\RFFXULQLFHIUHHZDWHUDUHDVWKHSRO\Q\DVDUHDUHDVRILQWHQVHVHDLFHIRUPDWLRQ
2IIVKRUHZLQGVFRPSUHVVWKHQHZO\IRUPHGVHDLFHDQGNHHSDQRSHQVHDVXUIDFHLQ
WKHSRO\Q\DV
The cold and saline water accumulated on the shelves can descend the continental 
slope and mix with water masses near the shelf edge or it circulates under the vast 
ice shelves, where it is further cooled below the surface freezing point and freshened 
E\PHOWLQJRI WKH LFHVKHOI7KH UHVXOWLQJ ,FH6KHOI:DWHUVSLOOVRYHU WKHFRQWLQHQWDO
slope and mixes with ambient waters to form deep and bottom water. For both 
PHFKDQLVPVUHODWLYHO\VPDOOVFDOHSURFHVVHVDWWKHVKHOIIURQWWRSRJUDSKLFIHDWXUHV
DQG WKHQRQOLQHDULW\RI WKHHTXDWLRQRIVWDWHRIVHDZDWHUDW ORZ WHPSHUDWXUHV LVRI
special importance to induce and maintain the sinking motion. The different processes, 
topographic settings and atmospheric forcing conditions lead to variable spatial 
characteristics of the resulting deep and bottom water masses which than spread 
DORQJDYDULHW\RISDWKZD\VWRIHHGLQWRWKHJOREDORFHDQLFFLUFXODWLRQ&OLPDWHPRGHOV
suggest that dense water formation is sensitive to climate change. However, since the 
UHODWLYHO\VPDOOVFDOHIRUPDWLRQSURFHVVHVDUHSRRUO\UHSUHVHQWHGLQWKHPRGHOVIXUWKHU
LPSURYHPHQWLVQHHGHG7KHRYHUWXUQLQJDIIHFWVDVZHOOWKHELRJHRFKHPLFDOF\FOHVDQG
FRQVHTXHQWO\LWVFKDQJHFDQKDYHDVLJQLÀFDQWLPSDFWRQRFHDQFDUERQXSWDNH
7KH SURSHUWLHV DQG YROXPH RI WKH QHZO\ IRUPHG ERWWRPZDWHU XQGHUOLHV VLJQLÀFDQW
YDULDELOLW\RQDZLGHUDQJHRIWLPHVFDOHVZKLFKDUHRQO\SRRUO\H[SORUHGGXHWRWKH
large efforts needed to obtain measurements in ice covered ocean areas. As for the 
DWPRVSKHULFGULYLQJIRUFHVWKHVHDLFHDQGXSSHURFHDQOD\HUVVHDVRQDOYDULDWLRQVDUH
SDUWO\NQRZQDQGQRUPDOO\H[FHHGLQLQWHQVLW\WKHRWKHUVFDOHVRIYDULDELOLW\+RZHYHUWKH
VSDWLDOGLVWULEXWLRQSDWWHUQRIWKHYDULDELOLW\LVRQO\SRRUO\UHVROYHGHJVHDVRQDOF\FOHV
RIVHDLFHWKLFNQHVVDUHRQO\DYDLODEOHDWDIHZVLWHV$QHVWLPDWHRIWKHVHDLFHPDVV
as a baseline to detect change is still not possible due to the missing measurements 
RIVHDLFHWKLFNQHVV/RQJHUWHUPYDULDWLRQVRIWKHDWPRVSKHUHLFHRFHDQV\VWHPDV
WKH 6RXWKHUQ +HPLVSKHULF$QQXODU 0RGH DQG WKH$QWDUFWLF 'LSROH DUH RQO\ SRRUO\
REVHUYHGDQGXQGHUVWRRG7KHLULQÁXHQFHRQRULQWHUDFWLRQZLWKRFHDQLFFRQGLWLRQVDUH
RQO\JXHVVHGRQWKHEDVLVRIPRGHOVZKLFKDUHRQO\VXSHUÀFLDOO\YDOLGDWHGGXHWRODFN
of appropriate measurements.
7KHH[WUHPHUHJLRQDODQGWHPSRUDOYDULDELOLW\UHSUHVHQWVDODUJHVRXUFHRIXQFHUWDLQW\
when data sets of different origin are combined. Therefore circumpolar data sets are 
QHHGHGRIVXIÀFLHQWVSDWLDODQGWHPSRUDOFRYHUDJH$WSUHVHQWVXFKGDWDVHWVFDQRQO\
be acquired satellite remote sensing. However, to penetrate into the ocean interior 
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DQG WR YDOLGDWH WKH UHPRWHO\ VHQVHG GDWD DQ RFHDQ REVHUYLQJ V\VWHP LV QHHGHG
ZKLFKFRPELQHVUHPRWHO\VHQVHGGDWDRIVHDLFHDQGVXUIDFHSURSHUWLHVZLWK in-situ
measurements of atmospheric, sea ice and oceanic properties. 
7RDFKLHYHIXUWKHUSURJUHVVVLJQLÀFDQWVWHSVRFFXUUHGLQWKHGHYHORSPHQWRIDSSURSULDWH
WHFKQRORJ\DQGORJLVWLFV2FHDQLFSURSHUWLHVDUHPHDVXUHGXQGHUWKHVHDLFHZKLFK
UHTXLUHGWKHGHYHORSPHQWRIXQGHULFHDFRXVWLFUDQJLQJDQGGDWDWUDQVPLWWLQJV\VWHPV
,WLVWKHDLPRIWKH+$)26+\EULG$QWDUFWLF)ORDW2EVHUYDWLRQ6\VWHPWRHVWDEOLVKDVHW
of observations platforms in the Atlantic sector of the Southern Ocean to implement such 
DFRPSUHKHQVLYHREVHUYDWLRQV\VWHP7RFRQVWUXFWIURPWKHDFKLHYDEOHREVHUYDWLRQVD
comprehensive circumpolar view, model assimilations have to be done which require 
the development of appropriate models.
7KH:(&&21SURMHFW Weddell Sea convection control FRQWLQXHVZRUNZKLFKKDG
RFFXUUHGGXULQJWKH&$62SURMHFWClimate of Antarctica and the Southern OceanRI
the International Polar Year 2007/2008. It aims to investigate processes which occur 
LQWKH$WODQWLF6HFWRURIWKH6RXWKHUQ2FHDQLQFRRSHUDWLRQZLWKWKH%MHUNQHV&HQWUH
IRU&OLPDWH5HVHDUFK LQ%HUJHQ1RUZD\DQG WKH%ULWLVK$QWDUFWLF6XUYH\ %$6 ,Q
WKHIUDPHZRUNRIL$Q=RQHDSURJUDPPHDVVRFLDWHGWR6&256FLHQWLÀF&RPPLWWHH
of Oceanographic Research DQG LWV6$66,SURMHFW Synoptic Antarctic Shelf Slope 
Interactions Study) observation occurred in the area of Maud Rise and the Antarctic 
VORSH IURQW DUHD 7KH 3,(6 GHSOR\PHQWV DORQJ WKH *RRG+RSH*UHHQZLFK VHFWLRQ
IXUWKHU FRQWULEXWH WR WKH ')* VSHFLDO UHVHDUFK SURJUDPPH ´0DVVHQWUDQVSRUWHµ
7KH FUXLVH RFFXUUHG LQ WKH FRQWH[W RI WKH3$&(6SURJUDPPHRI WKH+HUPDQQ YRQ
+HOPKROW]$VVRFLDWLRQRI*HUPDQ5HVHDUFK&HQWUHV+*),WLVDFRQWULEXWLRQWRWKH
Climate Variability and Predictability&/,9$5DQGWKHClimate and Cryosphere&OL&
projects of the World Climate Research ProgrammH:&53DQG6FLHQWLÀF&RPPLWWHH
of Antarctic Research6&$57KH8/6VDUHDFRQWULEXWLRQWRWKHAntarctic Sea Ice 
Thickness Project$Q6,737KHGHSOR\PHQWRIÁRDWVRFFXUVLQWKHIUDPHZRUNRIWKH
international Argo programme which contributes to the Global Ocean Observing System 
(*2267KHZRUN UHSUHVHQWVD IXUWKHUVWHS WRZDUGVDSouthern Ocean Observing 
System 6226 E\ EXLOGLQJ XS IXUWKHU WKHHybrid Antarctic/Arctic Float Observing 
System+$)26
Work at sea
The Polarstern cruise ANT-XXVII/2 complemented the efforts to obtain in-situ
observations in the Atlantic sector of the Southern Ocean. The backbone of the 
REVHUYDWLRQV FRQVLVW RI WKH &7'ZDWHU VDPSOHU V\VWHP FKDSWHU  SURYLGLQJ
YHUWLFDOSURÀOHVRIWHPSHUDWXUHVDOLQLW\DQGDYDULHW\RIIXUWKHUSDUDPHWHUVDVZHOODV
WKHZDWHUVDPSOHVUHTXLUHGIRUIXUWKHUDQDO\VLVWRGHWHUPLQHDYDULHW\RIZDWHUPDVV
SURSHUWLHVRUODERUDWRU\ZRUN
:DWHUVDPSOHVZHUHWDNHQWRFRQWUROWKHFRQGXFWLYLW\VHQVRUVVHHFKDSWHU$
SDUWLFXODUIRFXVZDVJLYHQWRR[\JHQPHDVXUHPHQWVVHHFKDSWHUWRPHDVXUHPHQW
RIWUDFHJDVHV&)&V6)KHOLXPLVRWRSHVQHRQR[\JHQLVRWRSHVVHHFKDSWHU
UDGLRFDUERQVDPSOLQJ VHHFKDSWHUQXWULHQWV VHHFKDSWHUFDUERQGLR[LGH
SDUDPHWHUVVHHFKDSWHU3236VHHFKDSWHUDQGSK\WRSODQNWRQDQGELRJHQLF
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JDVHVREVHUYDWLRQVVHHFKDSWHUVDQG7KHZDWHUVDPSOHVZLOOEHFRPSLOHGLQ
DERWWOHÀOH
Time series stations with moored instruments provide measurements of water mass 
SURSHUWLHVLQWKHGHHSDQGWKHVXUIDFHOD\HUVDQGRI LFHWKLFNQHVV)RUWKLVSXUSRVH
PRRULQJVZLWK FXUUHQWPHWHUV WHPSHUDWXUH DQG VDOLQLW\ VHQVRUV DVZHOO DV XSZDUG
ORRNLQJVRQDUZHUHUHFRYHUHGDQGUHGHSOR\HGVHHFKDSWHU3UHVVXUHLQYHUWHG
HFKRVRXQGHUVZHUHLQVWDOOHGLQWKH$&&VHHFKDSWHU7KHZRUNZLWKÁRDWVDQG
sound sources is summarised in chapter 3.1.5. En-route measurements are described 
in chapter 3.1.6.
3.1.1 The CTD/water sampler observations
'XULQJWKHFUXLVHDWRWDOQXPEHURI&7'ZDWHUVDPSOHUSURÀOHVZHUHFDUULHGRXW
)LJ
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Fig. 3.1.1: CTD stations. Numbers are the stations numbers as given in the station list.
7KH &7'ZDWHU VDPSOHU FRQVLVWV RI D 6%(SOXV &7' V\VWHP FRPELQHG ZLWK D
FDURXVHOZDWHUVDPSOHUW\SH6%(IRUVDPSOHUVDQGZLWKOLWHUYROXPHHDFK7KH
&7'ZDVHTXLSSHGZLWKGRXEOHVHQVRUVIRUWHPSHUDWXUH6%(SOXVDQGFRQGXFWLYLW\
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6%(&7KHVH VHQVRUVZHUH FDOLEUDWHG EHIRUH WKH FUXLVH DQGZLOO EH UHWXUQHG WR
Seabird Electronics right after the cruise for calibration purpose. The sensor pairs 
indicated a small difference in the order of 0.0005 in temperature and 0.003 in 
FRQGXFWLYLW\)RUWKHSUHOLPLQDU\UHVXOWVWKHVHFRQGDU\VHQVRUSDLUZDVXVHGEHFDXVH
it seems to be the most precise one; see paragraph Salinometer. There is an indication 
of weak pressure dependence for one of the temperature sensors and also for one of 
WKHFRQGXFWLYLW\VHQVRUV7KHSRVWFUXLVHFDOLEUDWLRQZLOOSURYLGHÀQDOFRUUHFWLRQFULWHULD
DVZHOO DV WKH FRPSOHWHDQDO\VLV RI WKHPHDVXUHG VDOLQLW\ VDPSOHV VHHSDUDJUDSK
Salinometer1HYHUWKHOHVV WKHVHQVRUGULIW LVYHU\VPDOODQGKLJKTXDOLW\GDWDFRXOG
EH H[SHFWHG IRU WKLV FUXLVH 7KH &7'ZDV DGGLWLRQDOO\ HTXLSSHG ZLWK DQ %HQWKRV
'DWD6RQLFVDOWLPHWHUW\SH36$'ZKLFKPDNHVLWSRVVLEOHWRORZHUWKH&7'QHDU
WRWKHVHDÁRRU²GHSHQGLQJRQWKHVHDVWDWHWKHSURÀOHHQGVPDERYHWKHERWWRP
)XUWKHURQD:HW/DEV(FR)OXRURPHWHUZDVXVHGDQGIRULQYHVWLJDWLQJWKHVWDELOLW\RI
R[\JHQVHQVRUVIRXUVHQVRUVRIGLIIHUHQWW\SHVDQGPDQXIDFWXUHVZHUHLQVWDOOHGWRR
see section 3.1.2. The remaining free input port was used for testing purpose of a new 
PRWLRQVHQVRU6802
7KHXVHRIVRPDQ\H[WHUQDOVHQVRUVFDXVHGDSUREOHPZLWKWKHVHQVRUZKLFKXVHGWKH
VHFRQGKDOIDX[LOLDU\SRUWZKLFKZDVXVHGE\WKHDOWLPHWHU7KHÀUVWGHWHFWHGERWWRP
HFKRFDXVHGDQXPEHURIVSLNHVLQWKHR[\JHQ²KHUHWKH6%($IWHUDVKRUWSHULRG
WKH VLJQDO UHFRYHUVDQG VWLOO DOORZV UHVROYLQJ WKH VWUXFWXUHRI WKHERWWRP OD\HU7KH
VSLNHVZHUHHGLWHGPDQXDOO\LQWKHSUHSURFHVVLQJVWDWH
A software package which was developed at AWI was used to run the SBEDataProcessing 
SURFHGXUHVDXWRPDWLFDOO\DSSO\KHDGHU LQIRUPDWLRQGLUHFW IURPWKH'6KLS(OHFWURQLF
6WDWLRQ%RRNGRDSUHOLPLQDU\GHVSLNLQJDQGGDWDYDOLGDWLRQDQGFUHDWHDQLPSRUWÀOH
WRWKH2FHDQ'DWD9LHZYLVXDOL]DWLRQVRIWZDUH%\WKLVSURFHGXUHHJVHFWLRQVIURPDOO
PHDVXUHGSDUDPHWHUVFRXOGEHSXEOLVKHGULJKWDWWKHHQGRIDSURÀOH
Salinometer
6DOLQLW\VDPSOHVZHUHWDNHQRQFHDGD\WRFKHFNWKHFRQGXFWLYLW\VHQVRUVRIWKH&7'
7KHVDPSOHVZHUHWDNHQLQKRPRJHQHRXVOD\HUVIURPVKDOORZPLGDQGIXOOGHSWKWR
LGHQWLI\SRVVLEOHSUHVVXUHGHSHQGHQF\%XWIRUWKHÀQDOHYDOXDWLRQWKHSRVWFDOLEUDWLRQ
RIWKH&7'VHQVRUVZHUHQHHGHG
7KHVDOLQLW\VDPSOHVZHUHPHDVXUHGZLWKDQ2SWLPDUH3UHFLVLRQ6DOLQRPHWHU236
ZKLFK ZDV XVHG WKH ÀUVW WLPH GXULQJ Polarstern FUXLVH $5.;;9 )LJ 
,QVSLWHRI WKHH[SHULHQFHVPDGHGXULQJ WKDWFUXLVHDQHVVHQWLDOSDUWRI WKHVDOLQLW\
PHDVXUHPHQWVZDVFRQFHQWUDWHGWRXQGHUVWDQGLQJWKHYDULRXVLQÁXHQFHVRIHJWKH
W\SHRIVDOLQLW\ERWWOHVWKHULQVLQJRIWKHERWWOHRURIWKHVWUDWLÀFDWLRQLQVLGHWKHVDPSOHU
during the up-cast. These investigations are needed because the precision of OPS is 
in the order of 1/1000. For this purpose about 270 OPS measurements were made. 
236PHDVXUHPHQWVZHUHPDGHWRYHULI\WKHFRQGXFWLYLW\VHQVRUVRIWKH&7'7KH
water samples were measured in reference to Standard Water batch no. P152; K15 = 
0.99981, production date:  2010-05-05.
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Fig. 3.1.2: Optimare Precision Salinometer (OPS)
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Station 62-1
)LJ&RPSDULVRQRIWKH76SURSHUWLHVRIWKHGHHSSDUWRIWKHSURÀOHPHDVXUHGE\WKHWZRVHQVRU
pairs installed on the CTD during ANT-XXVII/2 at station 82
&RQGXFWLYLW\ DQG WHPSHUDWXUH VHQVRUV ZHUH FDOLEUDWHG EHIRUH WKH FUXLVH EXW WKH
GLIIHUHQFHEHWZHHQVDOLQLW\ZDVUHODWLYHO\KLJKDERXWJNJ)LJ7RZRUN
ZLWKSUHOLPLQDU\GDWDGXULQJWKHFUXLVHLWLVQHHGHGWRGHFLGHZKLFKVHQVRUSDLUKDV
WKHVPDOOHVWHUURU,QVWHDGRIQHHGLQJDVWDWLVWLFIURPKXQGUHGVRIPHDVXUHGVDOLQLW\
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VDPSOHVWKHDFFXUDF\RIWKH236LVVXLWDEOHWRXVHPHDVXUHPHQWVIURPRQHVLQJOH
SURÀOHRQO\7KLVLVGHPRQVWUDWHGDVDQH[DPSOHVKRZQLQ)LJ+HUHWKHVHFRQGDU\
VHQVRUSDLUFRXOGEHLGHQWLÀHGDVWKHVHQVRUSDLUWREHXVHGIRUSUHOLPLQDU\DQDO\VLV
SUbmersible Motion Observer (SUMO)
$SURWRW\SHRIWKHQHZO\GHYHORSHGVXEPHUVLEOHPRWLRQREVHUYHU6802ZDVWHVWHG
,WZDVEHPRXQWHGWRWKHURVHWWHDQGFRQQHFWHGWRWKH&7'YLDWKHDX[LOLDU\VHQVRU
FKDQQHOVQRWLQXVHDFWXDOO\7KHLQVWUXPHQWVLVDEOHWRPHDVXUHDQGREVHUYHLQUHDOWLPH
DYDULHW\RISDUDPHWHUVHJWZLVWRIWKHFDEOHDQJXODUYHORFLW\KHDGLQJRIWKHURVHWWH
combined tilt of the rosette, etc. while the comprehensive and more detailed data were 
stored and will be processed after the stations. One to four channels were used to 
transmit the desired information to the operator on board for improved knowledge of 
WKHVWDWHRIURVHWWHDQG&7'DYRLGDQFHRIFULWLFDOVLWXDWLRQVDQGVDYLQJRIVKLSDQG
VWDWLRQWLPH7KHÀQDOJRDOVZHUHWKHSURRIRIIXQFWLRQDOLW\XQGHUUHDOin-situ conditions, 
the determination of the best parameters to send to the operator for easiest and most 
HIÀFLHQWZRUNDQGWKHPHDVXUHPHQWRIWKHFRPSOHWHVWDWHRIWKHURVHWWHIRUYDOLGDWLRQ
of its model of the mechanical behaviour. The instrument was used during part of the 
VWDWLRQVDQGGHOLYHUHGGDWDZKLFKDUHXVHGDIWHUWKHFUXLVHWRDQDO\VHWKHSHUIRUPDQFH
RIWKHLQVWUXPHQWDQGRIWKHZLUH7KHFRPSDUDWLYHO\FDOPFRQGLWLRQVUHVXOWHGLQOLWWOH
stress for the wire.
Data
7KHGDWDRIWKH&7'SURÀOHVDQGWKHERWWOHÀOHVZLOOEHWUDQVIHUUHGWRWKH3$1*$($
GDWDEDVHDIWHUÀQDOSRVWSURFHVVLQJRQVKRUH
3.1.2  Dissolved oxygen measurements
Objectives
7KHPDLQREMHFWLYHRIWKHGLVVROYHGR[\JHQSURJUDPPHLVWRFRQWLQXHWKHKLJKTXDOLW\
R[\JHQ PHDVXUHPHQWV DORQJ WKH UHSHDW WUDQVHFWV RI WKH *UHHQZLFK PHULGLDQ DQG
WKURXJKWKH:HGGHOO6HD7KLVUHJLRQ LVDNH\DUHDIRU WKHIRUPDWLRQRIGHHSZDWHU
ZLWKLQ WKH JOREDO FLUFXODWLRQ V\VWHP DQG DQ\ FKDQJHV LQ VRXUFHZDWHUVZLOO VSUHDG
WKURXJKRXWWKHZRUOGRFHDQV$SUHFLVHHVWLPDWHRIWKHR[\JHQLQYHQWRU\QRWRQO\JLYHV
YDOXDEOHLQIRUPDWLRQDERXWWKHDLUVHDJDVH[FKDQJHRIWKLVUHJLRQ'LVVROYHGR[\JHQLV
DOVRFRQVLGHUHGDVWKHRFHDQҋVELRJHRFKHPLFDO´FDQDU\ELUGµIRUJOREDOFOLPDWHFKDQJH
DQGLVVHQVLWLYHO\DIIHFWHGHJE\KHDWÁX[DQGWHPSHUDWXUHDQRPDOLHV+RZHYHUWKH
:HGGHOOUHJLRQLVKLJKO\YDULDEOHERWKRQDQQXDODQGGHFDGDOWLPHVFDOHVDQGDVLQJOH
VQDSVKRWDORQHLVQRWVXIÀFLHQW WRFDSWXUHWKHG\QDPLFV7KHPHDVXUHPHQWVGXULQJ
WKLVFUXLVHSURYLGHWKHLQLWLDOVWDWHRIWKHR[\JHQGLVWULEXWLRQIRU$UJR22ÁRDWVVHHVHFWLRQRQ$UJRLQWKH6RXWKHUQ2FHDQ7KH\DGGWRWKHDSSUR[LPDWHO\DFWLYH$UJR
ÁRDWVZRUOGZLGHWKDWSRVVHVVDQDGGLWLRQDOR[\JHQVHQVRUWKXVSURYLGLQJUHJXODUGDWD
RQDQLPSRUWDQWELRJHRFKHPLFDOSDUDPHWHUIURPDQDXWRQRPRXVREVHUYDWLRQV\VWHP
7KHÁRDWVXVHGKHUHDUHHTXLSSHGZLWKDQLFHGHWHFWLRQDOJRULWKPDPHPRU\IRUXQGHU
LFHSURÀOHVDQGFDQEHWUDFNHGDFRXVWLFDOO\YLD5$)267KXVWKH\ZLOOSURYLGHD\HDU
round picture of the biogeochemical features, while ship-based cruises concentrate 
RQO\RQWKHVXPPHUVHDVRQDQGVFDUFHGDWDLVDYDLODEOHIRUZLQWHUWLPHDQGXQGHULFH
conditions.
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The in-situ PHDVXUHPHQWV DUH VXSSOHPHQWHG E\ DQ H[WHQVLYH HYDOXDWLRQ RI IRXU
GLIIHUHQWW\SHVRIR[\JHQVHQVRUV7KHLUSHUIRUPDQFHZLOOEHDVVHVVHGUHJDUGLQJWKH
TXDOLW\RIWKHLUFDOLEUDWLRQDQGWKHLUVWDELOLW\+RZHYHUWKHIRFXVOLHVRQWKHUHVSRQVH
FKDUDFWHULVWLFV DQG EHKDYLRU LQ SURÀOLQJ DSSOLFDWLRQV DV WKH\ DUH DWWDFKHG WR WKH
VKLSV&7'2[\JHQVHQVRUVDUHZLGHO\XVHGDQGKDYHEHHQFRPPHUFLDOO\DYDLODEOH
IRUVRPHGHFDGHV6WLOOWKH\VKRXOGEHFRPSOHPHQWHGE\:LQNOHUPHDVXUHPHQWVDW
VRPHSRLQW GXULQJ WKHLU ÀHOGGHSOR\PHQW WR YHULI\ WKHGDWDDQGFRUUHFW IRUSRVVLEOH
drifting or offset. This cruise provides a critical review of state-of-the-art sensors in 
XQIDYRUDEOH FRQGLWLRQV LH ORZ WHPSHUDWXUHV KLJK SURÀOLQJ VSHHG VWURQJ R[\JHQ
JUDGLHQWVDVZHOODVVXEWOHFKDQJHVLQGHHSHUOD\HUVWRJLYHDUHDOLVWLFDVVHVVPHQW
of their performance. This is of particular interest for autonomous operation like on the 
Argo-O2ÁRDWVDQGHVVHQWLDOWRLQWHUSUHWWKHGDWDDIWHUZDUGV7KHÀQGLQJVVKDOOEHXVHGWRLPSURYHDSK\VLFRFKHPLFDOPRGHORIWKHZRUNLQJSULQFLSOHRIWKHVHQVRUVDVZHOO
ZKLFKZLOOSURYLGHDWRROWRFRPSHQVDWHVRPHRIWKHLULQWULQVLFGUDZEDFNVE\DGHTXDWH
post-processing.
Work at sea
Winkler analysis of CTD rosette water samples
'XULQJWKHFRXUVHRIWKHFUXLVHGLVFUHWHZDWHUVDPSOHVIURP&7'VWDWLRQV
ZHUH DQDO\]HG WRZDUGV WKHLU R[\JHQ FRQWHQW XVLQJ WKH VWDQGDUG :LQNOHU PHWKRG
7KH HQGSRLQW ZDV GHWHUPLQHG YLVXDOO\ ZLWK VWDUFK DV LQGLFDWRU DQG .,23 used for VWDQGDUGL]DWLRQRIWKHWKLRVXOIDWHVROXWLRQV$PDSRIWKHORFDWLRQVLVVKRZQLQÀJXUH
7KHSUHFLVLRQRIWKHWLWUDWLRQZDVDWPROO7KHDFFXUDF\ZDVFKHFNHGE\
air saturated samples of seawater at constant ambient pressure and temperature 
SHUVRQDO FRPPXQLFDWLRQ.DUHO%DNNHU1,2=7H[HO DQG VKRZHGJRRGDJUHHPHQW
ZLWKLQZLWKWKHLRGDWHVWDQGDUG
2[\JHQVHQVRUHYDOXDWLRQLQSURÀOLQJDSSOLFDWLRQ
$ WRWDO RI  GLIIHUHQW GLVVROYHG R[\JHQ VHQVRUV ZHUH DWWDFKHG WR WKH &7' XQLW $
6HDELUG6%(LV LQVWDOOHGDVVWDQGDUGVHQVRU7KUHHDX[LOLDU\ LQSXWFKDQQHOVZHUH
RFFXSLHGE\DQ$DQGHUDDRSWRGHPRGHODQGDIDVWUHVSRQVH$DQGHUDDRSWRGH
PRGHO)DVZHOODVD-)($OHF&R/WG5,1.2,,,VHQVRU2QO\WKHSKDVHFKDQQHO
ZDVUHFRUGHGIRUWKHDX[LOLDU\VHQVRUVDQGWKHWHPSHUDWXUHGDWDRIWKH&7'XVHGIRU
the calculation. The Aanderaa optodes were mounted on a digital to analog converter 
&WRÀWWRWKH9LQSXWRIWKH&7'XQLWDQGVHWWRDQLQWHUQDOVDPSOLQJUDWHRIV
)RUWKH6%(DVHWRIIDFWRU\FDOLEUDWLRQFRHIÀFLHQWVIURPZDVDYDLODEOH
7KHWZR$DQGHUDDRSWRGHVZHUHFDOLEUDWHGE\DQHZO\GHVLJQHGODERUDWRU\VHWXSDW
,)0*(20$5 LQ .LHO MXVW EHIRUH WKH FUXLVH LQ2FWREHU $ VHFRQG ODERUDWRU\
FDOLEUDWLRQZLOOEHSHUIRUPHGDIWHUWKHFUXLVH1RSUHYLRXVFDOLEUDWLRQFRHIÀFLHQWVZHUH
available for the RINKO sensor. The Winkler bottle data is used as reference to the 
sensor data. 
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Fig. 3.1.4: Map of CTD stations with Winkler sampling (red dots) and deployment sites of Argo-
2[\JHQÁRDWVEOXHFURVV
'HSOR\PHQWRI$UJRÁRDWV
(LJKW$UJRÁRDWVHDFKHTXLSSHGZLWKDQ$DQGHUDDRSWRGHPRGHOZHUHGHSOR\HG
along the Greenwich meridian and the Weddell Sea transect. The optodes were 
FDOLEUDWHGLQWKHODERUDWRU\DW,)0*(20$5LQ$XJXVWDQG6HSWHPEHUEHIRUH
EHLQJPRXQWHGWRWKHÁRDWV7KHFDOLEUDWLRQZLOOEHYHULÀHGE\WKH&7'R[\JHQSURÀOH
PHDVXUHG DW WKH GHSOR\PHQW ORFDWLRQ 7KH ODWWHU ZHUH FKRVHQ VR DV WR IROORZ WKH
FRXUVHRIWKH:HGGHOOJ\UH LQWRWKH:HGGHOO6HDZLWKDJRRGVSDWLDOFRYHUDJHVHH
ÀJXUHLQRUGHUWRSURYLGHYDOXDEOH\HDUURXQGGDWDDERXWWKLVFLUFXODWLRQV\VWHP
7KH\DUHHTXLSSHGZLWKDQLFHGHWHFWLRQDOJRULWKPDQGDPHPRU\IRUXQGHULFHSURÀOHV
WKDWZLOOEHVHQWE\VDWHOOLWHZKHQWKHÁRDWUHDFKHVRSHQZDWHUDJDLQ7KHSRVLWLRQRI
WKHVHSURÀOHVFDQEHDVVHVVHGE\DFRXVWLFWUDFNLQJYLD5$)26DQGPRRUHGVRXQG
VRXUFHV)RUGHWDLOVVHHVHFWLRQÁRDWVHULDOQXPEHUV1²1
3UHOLPLQDU\DQGH[SHFWHGUHVXOWV
7KHGHQVHO\GLVWULEXWHG:LQNOHUGDWDSURYLGHVDYDOXDEOHVRXUFHIRUGHWDLOHGDQDO\VLV
of the sensor performance. The Aanderaa optodes are known to possess a reversible 
SUHVVXUHHIIHFWZKLFKLVQRWFRYHUHGE\WKHODERUDWRU\FDOLEUDWLRQ)RUWKHPRGHO
with regular sensor membrane this was found to amount to 3.2 % per 1000 dbar whereas
for the thinner fast-response membrane of the 4330F model a linear correction of 
SHUGEDUZDVDSSOLHG3UHOLPLQDU\DQDO\VLVVKRZVWKDWWKHUHLVDQRIIVHWRI
RUPROOUHVSHFWLYHO\EHWZHHQWKHODERUDWRU\FDOLEUDWLRQDQGWKHÀHOGGDWDIRUWKH
Aanderaa optodes 3830 and 4330F. However, this offset remains constant throughout 
WKHFUXLVH7KHFDOLEUDWLRQFRHIÀFLHQWVRIWKH6HDELUG6%(VHQVRUOHDGWRDQLQLWLDO
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offset of approx. 8 µmol/l which doubles until the end of the cruise. A similar drift of ca. 
PROOLVREVHUYHGIRUWKH5,1.2,,,VHQVRU$SDUWIURPWKHFDOLEUDWLRQVWDELOLW\WKH
UHVSRQVHWLPHRIWKHVHQVRULVWKHVHFRQGLPSRUWDQWIHDWXUHLQSURÀOLQJDSSOLFDWLRQV
7KHGDWDREWDLQHGZLOOEHXVHGWRHYDOXDWHWKHV\VWHPDWLFHUURULQGXFHGE\GLIIHUHQW
VORZUHVSRQVHFKDUDFWHULVWLFV7KLVLVHVSHFLDOO\SURQRXQFHGLQVWURQJJUDGLHQWVDWWKH
ERWWRPRIWKHPL[HGOD\HURUFORVHWRWKHERWWRP7KHFRPSDULVRQRIWKHSURÀOHVZLOO
EHXVHGWRYDOLGDWHODERUDWRU\H[SHULPHQWVRQWKHGLIIHUHQWUHVSRQVHEHKDYLRUDQGWR
LPSURYHDSK\VLFRFKHPLFDOPRGHOWRFRPSHQVDWHWKHLQGXFHGHUURUV
0RUHRYHU WKH FUXLVH GDWD VHW WKH LQLWLDO VWDJH IRU WKH R[\JHQ GLVWULEXWLRQ IRU WKH 
Argo-O2 ÁRDWV GHSOR\HG ,W ZLOO EH WKH EDVLV IRU LQYHQWRU\ HVWLPDWHV DQG WR DVVHVVWUHQGVLQWKLVNH\UHJLRQIRUGHHSZDWHUIRUPDWLRQ)XUWKHUDQDO\VLVDQGFRPSDULVRQ
ZLWKKLVWRULFDOGDWDPRVWO\FROOHFWHGZLWKPolarsternZLOOJLYHIXUWKHULQVLJKWLQWRWKH
GRPLQDQWSURFHVVHVRIZDWHUPDVVIRUPDWLRQPL[LQJDQGELRJHRFKHPLVWU\DQGUHFHQW
changes in this region.
Data
Both sensor data and Winkler data will be transferred to the PANGAEA data base after 
ÀQDOSRVWSURFHVVLQJRQVKRUH
 0RRULQJV
7KHVKLSERUQHVXUYH\VDUHLPEHGGHGLQWKHWLPHVHULHVPHDVXUHPHQWVZLWKPRRULQJV
DQGÁRDWVWRTXDQWLI\VHDVRQDOYDULDELOLW\RQWUDQVIHUSURFHVVHVDQGWRDYRLGWKHDOLDVLQJ
HIIHFW RQ ORQJHU WHUPREVHUYDWLRQV0RRULQJVZHUH UHFRYHUHGDQG UHGHSOR\HG7KH
details of the moored instruments are summarized in tables 3.1.1 to 3.1.4. Figure 3.1.5 
VKRZV WKH ORFDWLRQVRIPRRULQJVDQG3,(6VHHSDUDJUDSKZKLFKKDYHEHHQ
GHSOR\HGGXULQJWKHFUXLVH6HHWKHSDUDJUDSKFRQFHUQLQJWKHLQVWUXPHQWVIRU
WUDFNLQJWKHÁRDWVVRXQGVRXUFHVRUIRUWKHXQGHUZDWHUDFRXVWLFVYDULRXVDFRXVWLF
UHFRUGHUV
Mooring AWI227-10 was lost. It was located with Posidonia and both of the double 
releasers were released. Posidonia showed a constant transponder depth, which 
FOHDUO\LQGLFDWHVWKDWWKHPRRULQJGLGQRWDVFHQG/DWHUIRXUPRRULQJVZHUHUHFRYHUHG
ZLWKLPSORGHGJODVVÁRDWDWLRQZKLFKZDVSODFHGDWVLPLODUGHSWKOHYHO7KHUHIRUHLWLV
PRVWOLNHO\WKDWWKLVKDVKDSSHQHGDOVRLQ$:,ZKLFKDOVRH[SODLQVWKHZHDN
VLJQDOIURPWKHWUDQVSRQGHUZKHQWKHLQVWUXPHQWVDUHO\LQJDWWKHJURXQG
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Fig. 3.1.5: Route of ANT-XXVII/2 with moorings. Black triangles indicated the locations of PIES 
deployments. Circles indicated the locations of re-deployed mooring locations. 
7KHPRRULQJVZHUHORFDWHGZLWKWKH3RVLGRQLDV\VWHP7KHUHDUHWZRDQWHQQDDUUD\V
ZKLFKFRXOGEHXVHG2QHDQWHQQDLVSHUPDQHQWO\LQVWDOOHGLQWKHER[NHHOEHKLQGD
ZLQGRZ7KHVHFRQGRQHPXVWEHLQVWDOOHGWKURXJKWKHPRRQSRROPRELOHDQWHQQD
which needs about 45 minutes for installation. After installation, it is not possible to 
maneuver in ice. But mobile antenna provides more accurate positions since the 
ZLQGRZKDVDQHJDWLYHLQÁXHQFHRQWKHDFFXUDF\DQGDOVRRQWKHQXPEHURIGHWHFWHG
UHSOLHV 1HYHUWKHOHVV WKH SHUPDQHQW DQWHQQD DUUD\ LV RI JUHDW DGYDQWDJH IRU WKH
PRRULQJ UHFRYHU\ ,W VKRZV WKDW WKHPRRULQJ LVVWLOODW LWVSRVLWLRQZKHQVWDUWLQJ WKH
UHFRYHU\$IWHUVHQGLQJWKHUHOHDVHFRGHLWFRQÀUPVDVXFFHVVIXOUHOHDVHE\GLVSOD\LQJ
WKHGHSWKRIWKHULVLQJUHOHDVH,WDOVRLQGLFDWHVWKHVHFWRULQZKLFKWKHWRSÁRDWDWLRQ
will surface. In areas with closed ice coverage the mobile antenna was used. Having a 
precise position the mooring could be released on time when leads were drifting over 
WKHPRRULQJ ORFDWLRQ'HSOR\HGPRRULQJVZHUH WUDFNHGZLWK3RVLGRQLD WRGHWHUPLQH
WKHWLPHZKHQWKHDQFKRUKDVUHDFKHGWKHVHDÁRRU'XULQJWKHPRVWGHSOR\PHQWVWKH
ࡐZLQGRZDUUD\´ZDVXVHGDQGWKHUHIRUHQRWWKHSRVLWLRQGLVSOD\HGE\3RVLGRQLDEXW
WKHVKLSVSRVLWLRQZKHQWKHDQFKRUZDVGURSSHGZDVWDNHQDVÀQDOPRRULQJSRVLWLRQ
For more detail on the performance of Posidonia see Appendix A5.
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7DEOH Moorings recovered on the Greenwich meridian
0RRULQJ /DWLWXGH
/RQJLWXGH
Water 
Depth
(m)
Date
Time
1. Record
last Record
Instrument
Type
Serial
Number
Instru-
ment
Depth
(m)
Nr. of 
Days
recorded
AWI232-9 68° 59.74’ S 3419 11.03.2008 ULS 57 150 
00° 00.17’ E 14:00 AURAL 085 216 
19.12.2010 $'&3 6240 450 
02:00 AVT 9782 750 1012
5&0 144 1800 1012
SBE37 2086 3300 1012
5&0 486 3300 1012
AWI231-8 66° 30.68’ S 4546 07.03.2008 ULS 56 150 
00° 01.81’ W 22:00 SBE37 1236 200 1014
17.12.2010 SBE37 449 300 1014
04:00 SBE37 2088 400 1014
$'&3 825 450
SBE37 2089 500 1014
SBE37 2090 600 1014
SBE37Pu 1237 700 1014
AVTP 10928 700 
SOSO 30 850 
AVT 9180 1800 1014
SBE37 237 4500 1014
AVT 9186 4500 1014
AWI230-6 66° 01.13’ S 3577 08.03.2008 AURAL 086 200 
00° 04.77’ E 16:00 AVTP 3517 200 1014
16.12.2010 SBE37Pu 1229 200 1014
12:00 SBE37 2091 300 1014
SBE37 2092 400 1014
SBE37 2093 500 1014
SBE37 2094 600 1014
SBE37Pu 2237 700 1014
5&0 295 700 1014
AVTP 9188 1600 1014
SBE37 2099 3400 1014
5&0 504 3400 1014
MARU#2 64° 05.07’ S 5194 14.12.2008 PAM 2 5144 
00° 05.24’ W 10:00
AWI229-8 63° 58.03’ S 5195 28.02.2008 ULS 64 150 
00° 03.10’ W 22:00 SBE 37 2098 200 1020
15.12.2010 SBE37 2096 300 1020
04:00 $'&3 5373 350 
SBE16 2416 400 1020
SBE37 2095 500 1020
SBE37 2100 600 1020
SBE37Pu 2396 700 1020
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0RRULQJ /DWLWXGH
/RQJLWXGH
Water 
Depth
(m)
Date
Time
1. Record
last Record
Instrument
Type
Serial
Number
Instru-
ment
Depth
(m)
Nr. of 
Days
recorded
AVTP 10925 704 1020
SOSO 29 850 
AVT 9390 2000 1020
SBE37 2101 5150 1020
AVT 10499 5150 1020
MARU#1 59° 10.28' S 4838 12.12.2008 PAM 1 4798 
00° 00.39' E 18:00
AWI227-10 59° 04.10’S 4630 25.02.2008 SBE37P10 1565 4580 
00° 04.88’ W 14:00
7DEOH Moorings recovered along transect from Kapp Norvegia towards Joinville 
Island
0RRULQJ /DWLWXGH
/RQJLWXGH
Water 
Depth
(m)
Date
Time
1. Record
last Record
Instru-
ment
Type
Serial
No.
Instr.
Depth
 (m)
Nr. of  
Days
recorded
AWI-244-1 68° 59.70’ S 2927 13.03.2008 SOSO 23 850 
06° 56.70’ W 16:00
AWI245-1 69° 03.68’ S 4466 15.03.2008 SOSO 24 850 
17° 25.89’ W 16:00
AWI209-5 66° 36.89’ S 4864 18.03.2008 SBE 16 2415 300 1015
27° 07.08’ W 22:00 SOSO 34 800 
29.12.2010 SBE37P 220 4800 1015
08:00 SBE37 230 4850 1015
AWI208-5 65° 36.85’ S 4770 21.03.2008 ULS 62 150 
36° 24.43’ W 16:00 $'&3 3813 300 
SBE16 1979 300 1015
SBE37 435 4680 1015
SBE37 2234 4730 1015
AWI242-1 65° 34.51’ S 4715 30.01.2007 SOSO 27 830 
37° 07.33’ W 05:00 SBE37 221 4708 
18.05.2010
03:15
AWI217-3 64° 23.63’ S 4456 24.03.2008 SOSO 32 850 
45° 52.38’ W 14:00 SBE37 250 4150 1015
03.01.2011 SBE37 240 4350 
18:00 5&0 296 4351 
AWI216-3 63° 54.03’ S 3516 26.03.2008 SBE37 2392 3350 1014
49° 04.68’ W 16:00 SBE37 2393 3400 1014
05.01.2011 SBE37 439 3450 1014
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0RRULQJ /DWLWXGH
/RQJLWXGH
Water 
Depth
(m)
Date
Time
1. Record
last Record
Instru-
ment
Type
Serial
No.
Instr.
Depth
 (m)
Nr. of  
Days
recorded
12:00 5&0 298 3451 
AWI207-7 63° 42.74’ S 2500 27.03.2008 ULS 60 150 
50° 50.55’ W 22:00 AVTP 10872 250 1014
06.01.2011 SBE 16 2414 251 
08:00 AVT 10503 750 1014
SOSO 36 850 
SBE37 2297 2200 1014
AVT 10530 2300 1014
SBE37 436 2490 
5&0 619 2490 
AWI206-6 63° 28.77’ S 950 28.03.2008 ULS 61 150 
52° 05.77’ W 18:00 AVTP 9206 250 1014
06.01.2011 SBE37 1228 500 1014
18:00 AVT 9201 501 1014
SBE16 2422 700 1014
SBE37 438 900 1014
5&0 508 901
7DEOH0RRULQJVGHSOR\HGRQWKH*UHHQZLFKPHULGLDQ
0RRULQJ /DWLWXGH
/RQJLWXGH
Water 
Depth
(m)
Date
Time
(at Depth)
Instru-
ment
Type
Serial
Number
Instrument
Depth
 (m)
AWI232-10 69° 00.11’ S 3370 19.12.2010 ULS 69 150
00° 00.11’ W 10:20 AVTP 8400 250
AVT 9219 750
PAM 1003 1250
5&0 212 1800
POD 403 2000
SBE37 441 3300
5&0 216 3300
AWI231-9 66° 30.71’ S 4524 17.12.2010 ULS 68 150
00° 01.54’ W 12:00 AVTP 8367 200
SBE37 249 200
SBE37 232 250
SBE37 233 300
SBE37 235 350
SBE37 236 400
SBE37 1230 450
SBE37 238 500
SBE37 239 550
SBE37 2388 600
SBE37 437 650
SBE37 1232 700
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0RRULQJ /DWLWXGH
/RQJLWXGH
Water 
Depth
(m)
Date
Time
(at Depth)
Instru-
ment
Type
Serial
Number
Instrument
Depth
 (m)
5&0 145 700
SOSO 29 850
PAM 1002 1000
AVT 9212 1800
SBE37 440 4500
5&0 146 4500
AWI230-7 66° 01.90’ S 3540 16.12.2010 AVTP 10539 200
00° 03.25’ E 20:00 SBE37 8125 200
SBE37 227 300
SBE37 246 400
SBE37 228 500
SBE37 229 600
SBE37 247 700
5&0 102 700
PAM 1001 1000
AVTP 9211 1600
SBE37 231 3500
5&0 133 3500
AWI229-9 63° 59.56’ S 5170 15.12.2010 ULS 67 150
00° 002.65’ W 16:28 AVTP 10926 200
SBE37 2719 200
SBE37 241 250
SBE37 215 300
SBE16 216 350
SBE37 218 400
SBE37 2720 450
SBE37 224 500
SBE37 225 550
SBE37 226 600
SBE37 2382 650
SBE37 2722 700
AVTP 8037 704
SOSO 17 850
PAM 1000 1000
5&0 501 2000
SBE37 2383 5150
5&0 134 5150
AWI227-11 59° 03.02’S 4600 11.12.2010 PAM 0002 1000
00° 06.63’ W 18:28 SBE16 630 4540
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7DEOH 0RRULQJV WR EH GHSOR\HG DORQJ WUDQVHFW IURP.DSS1RUYHJLD WRZDUGV
Joinville Island
0RRULQJ /DWLWXGH
/RQJLWXGH
Water 
Depth
(m)
Date
Time
(at Depth)
Instrument
Type
Serial
Number
Instrument
Depth
 (m)
AWI244-2 69° 00.30’ S 2900 23.12.2010 SOSO 02 700
06° 58.89’ W 10:27 SOSO 30 800
PAM 1005 900
AWI245-2 69° 03.52’ S 4740 27.12.2010 SOSO 24 800
17° 23.05’ W 11:00 PAM 1004 1000
AWI209-6 66° 36.70’ S 4830 29.12.2010 PAM 086 200
27° 07.31’ W 15:15 SBE37 1233 300
SOSO 23 800
SBE37 1603 4775
SBE37 442 4825
AWI208-6 65° 37.06’ S 4740 01.01.2011 ULS 66 150
36° 25.28’ W 17:49 SBE37 1234 300
SOSO 29/34 800
SBE37 1606 4680
SBE37 444 4730
AWI217-4 64° 23.88’ S 4416 04.01.2011 SOSO 28/27 810
45° 51.95’ W 17:57 SBE37 1564 4320
SBE37 2087 4370
5&0 217 4372
AWI216-4 63° 53.66’ S 3500 05.01.2011 SBE37 2395 3300
49° 05.20’ W 15:57 SBE37 448 3400
SBE37 2611 3450
5&0 219 3451
AWI207-8 63° 43.20’ S 2500 06.01.2011 ULS 63 150
50° 49.54’ W 12:26 5&0 294 250
SBE37 1235 251
AVT 8405 750
SOSO 32 850
POD 845 2100
SBE37 2235 2100
SBE37 1605 2200
5&0 297 2300
SBE37 1607 2490
5&0 311 2490
AWI206-7 63° 28.93’ S 950 06.01.2011 ULS 65 150
52° 05.87’ W 20:52 AVTP 8417 250
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0RRULQJ /DWLWXGH
/RQJLWXGH
Water 
Depth
(m)
Date
Time
(at Depth)
Instrument
Type
Serial
Number
Instrument
Depth
 (m)
SBE37 2723 500
5&0 312 501
SBE16 2418 700
POD 844 750
SBE37 2097 900
PAM 1006 910
5&0 313 912
Abbreviations:
$'&3 5',QVWUXPHQWV6HOI&RQWDLQHG$FRXVWLF'RSSOHU&XUUHQW3URÀOHU
AURAL AURAL-Underwater Acoustic Recorder
$97&3 $DQGHUDD&XUUHQW0HWHUZLWK7HPSHUDWXUH&RQGXFWLYLW\DQG
Pressure Sensor
$973 $DQGHUDD&XUUHQW0HWHUZLWK7HPSHUDWXUHDQG3UHVVXUH6HQVRU
$97 $DQGHUDD&XUUHQW0HWHUZLWK7HPSHUDWXUH6HQVRU
3$0 3DVVLYH$FRXVWLF0RQLWRU7\SH$85$/RU62129$8/7
POD Porpoise Detector
6%( 6HD%LUG(OHFWURQLFV7\SH0LFUR&DWWRPHDVXUH7HPSHUDWXUHDQG
&RQGXFWLYLW\
SOSO Sound Source for SOFAR-Drifter
8/6 8SZDUGORRNLQJVRQDUIURP&KULVWLDQ0LFKHOVHQ5HVHDUFK,QFWR
measure the ice draft
Remarks:
+ indicates a successful result
 )XOOPHPRU\EXWXSORDGIDLOHG
 ,QVWUXPHQWKDVZRUNHGVXFFHVVIXOO\EXWGDWDDUHQRWSURFHVVHGQRZ
 1RGDWDUHFRUGHGXQNQRZQIDLOXUH
 )ORRGHGLQVWUXPHQW
 5HFRUGLQJVWRSSHGGXHWRIXOOPHPRU\RUORZSRZHU
 ,QVWUXPHQWKDVZRUNHGVXFFHVVIXOO\
 1RWUHFRYHUHG
 0RRULQJQRWVXUIDFHG
 0HDVXUHPHQWVIDLOHG
 /RVWGXULQJWKHUHFRYHU\
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Two moorings were released from helicopter several miles ahead of Polarstern’s track
WREHRXWRIIWKHVKLSVQRLVHEHFDXVHWKHUHOHDVHVFRXOGQRWEHRSHUDWHGE\3RVLGRQLD
([FHSWRI$:,DOORWKHUPRRULQJVZHUHUHFRYHUHGDQGWKHGHSOR\PHQWZDVGRQH
ZLWKRXWDQ\SUREOHPWRR6SHFLDOO\WREHPHQWLRQHGLVWKHUHFRYHU\RIDVRXQGVRXUFH
PRRULQJZKLFKZDVGHSOR\HG-DQXDU\E\WKH%ULWLVK$QWDUFWLF6XUYH\
$DQGHUDDFXUUHQWPHWHUVDQG6HDELUG&7RU&7'UHFRUGHUVZHUHFRPSOHWHO\SURFHVVHG
RQERDUG,QVSLWHRIWKHORQJSHULRGWKHLQVWUXPHQWVFRQWDLQHGGDWDRIJRRGTXDOLW\
2QO\IRXUGHSOR\HGLQVWUXPHQWVIDLOHG6HHGHWDLOVLQWDEOHVDQG
2QPRRULQJV XSZDUG ORRNLQJ VRQDUV 8/6ZHUHPRXQWHG6FUDWFKHVRQ VHYHUDO
LQVWUXPHQWVLQGLFDWHGWKDWWKH\KDYHEHHQKLWE\LFHEHUJV7KHHQFRXQWHUVZHUHQRW
powerful enough that the moorings displaced. However one of the instruments was 
dropped to a depth that water intruded and damaged the lithium batteries what in 
consequence implied the destruction of the instrument and the loss of the data. From 
the remaining instruments the full data rate is to be expected. 
Data
The data from the moored instruments will be transferred to the PANGAEA data base 
DIWHUÀQDOSRVWSURFHVVLQJRQVKRUH
3UHOLPLQDU\UHVXOWV
Despite the fact that the data requires comprehensive processing and calibration work, 
WKHTXDOLW\RIRXULQVWUXPHQWVLVVRKLJKWKDWDÀUVWORRNRQWKHSUHOLPLQDU\GDWDIURP
WKHK\GURJUDSKLFVXUYH\VXJJHVWVVRPHSUHOLPLQDU\FRQFOXVLRQV
7KHWHPSHUDWXUHDQGVDOLQLW\GLVWULEXWLRQVRIWKHVHFWLRQVDORQJWKH*UHHQZLFKPHULGLDQ
)LJDQGDFURVVWKH:HGGHOO6HDIURP.DSS1RUYHJLDWR-RLQYLOOH,VODQG)LJ
SUHVHQWWKHGRPLQDWLQJZDWHUPDVVHV$WWKHVXUIDFH$QWDUFWLF6XUIDFH:DWHU
$66:VXJJHVWV WKHRQVHWRI VXPPHUZDUPLQJ%HORZ WKH:LQWHU:DWHU :: LV
YLVLEOHDVDWHPSHUDWXUHPLQLPXPOD\HU7KH&LUFXPSRODU'HHS:DWHU&':EHORZLW
LQWKH:HGGHOO6HDFDOOHG:DUP'HHS:DWHU:':EHFRPHVREYLRXVDVWHPSHUDWXUH
DQGVDOLQLW\PD[LPD7KHLQÁRZIURPWKHHDVWLVHYLGHQFHGE\WKHKRUL]RQWDOPD[LPXP
RQ WKHVRXWKHUQVLGHRI WKH WUDQVHFWDORQJ WKH*UHHQZLFKPHULGLDQ )LJ WKH
HDVWHUQ DQG WKH ZHVWHUQ VLGH RI WKH :HGGHOO WUDQVHFW )LJ  DQG ÀQDOO\ WKH
QRUWKHUQ VLGH RI WKH *UHHQZLFK VHFWLRQ )LJ  7KH WHPSHUDWXUH PD[LPXP LV
FOHDUO\GHFUHDVLQJDORQJWKHÁRZRIWKH:HGGHOOJ\UHVXJJHVWLQJLQWHUDFWLRQZLWKWKH
adjacent water masses. At the bottom the water masses with a potential temperature 
EHORZ&EHORQJWRWKH:HGGHOO6HD%RWWRP:DWHU:6%:,WÀOOVWKHEDVLQVEXW
is as well found on the western slope. Enclosed between WDW and WSBW, the most 
YROXPLQRXVZDWHUPDVVFRQVLVWVRI:HGGHOO6HD'HHS:DWHU :6':7KLVZDWHU
PDVVRULJLQDWHVWRVRPHSDUWE\DPL[WXUHRI:':DQG:6':EXWLVIRUPHGDVZHOO
GLUHFWO\ZKHQWKHVKHOIZDWHUGHVFHQGVDORQJWKHVORSHDQGPL[HVZLWKWKHDGMDFHQW
water masses. WSDW is leaving the Weddell Sea and forms the basis of the Antarctic 
Bottom Water of the World Ocean.
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3.1 Decadal variations of water mass properties in the Atlantic sector (WECCON-HAFOS)
The comparison with transects from earlier cruises indicated that the cooling of the 
Warm Deep Water which was observed since the mid 90ties has come to a halt and that 
since 2005 warming is ongoing. Together with the observation of an earlier warming 
XQWLOWKHPLGWLHVWKLVVXJJHVWVWKDWGHFDGDOÁXFWXDWLRQVGRPLQDWHWKHYDULDELOLW\7KH
VDOLQLW\IROORZVDVZHOOWRDGHFDGDOSDWWHUQZLWKIUHVKHQLQJVLQFH,QWKHRQJRLQJ
DQDO\VHVZHZLOOFRPSDUHWKHDWPRVSKHULFIRUFLQJGXULQJWKHODVWGHFDGHVWREHWWHU
XQGHUVWDQGWKHIRUFLQJPHFKDQLVPRIWKHÁXFWXDWLRQV7KHWHPSHUDWXUHRIWKH:HGGHOO
Sea Bottom Water increased further at the Greenwich meridian and the central Weddell 
%DVLQ7KLVREVHUYDWLRQSURYLGHVHYLGHQFHWKDWWKHWHPSHUDWXUHDQGVDOLQLW\FKDQJHV
affect the whole water column resulting in a net warming and freshening of the water 
FROXPQ,QWKHZHVWHUQ:HGGHOO6HDWKHERWWRPZDWHULVPRUHOLNHO\WRFRRODQGIUHVKHQ
raising the question how the bottom water at the slope and in the basin are connected. 
The different time histories suggest the interaction of different source areas.
The descending motions in the Southern Ocean are part of the world wide oceanic 
RYHUWXUQLQJ FLUFXODWLRQ 7KH\ DIIHFW WKH UROH RI WKH RFHDQ LQ FOLPDWH FKDQJH DQG
ELRJHRFKHPLFDOF\FOHV2XUPHDVXUHPHQWVUDLVHWKHTXHVWLRQDVWRZKHWKHUWKHGHHS
reaching, descending motion of the overturning is reduced or changing to a different 
regional distribution related to different process.
Fig. 3.1.6: Section of potential temperature (top) and salinity (bottom) along the Greenwich meridian
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Fig. 3.1.7: Section of potential temperature (top) and salinity (bottom) across the Weddell Sea from 
Kapp Norvegia to Joinville Island
7KHGDWDREWDLQHGGXULQJWKHNULOOVXUYH\ZHVWRIWKH$QWDUFWLF3HQVLQVXODDUHSUHVHQWHG
DVWUDQVHFWVDQGPDSV7KHQRUWKHDVWHUQ)LJDQGWKHVRXWKZHVWHUQ)LJ
PRVW WHPSHUDWXUH DQG VDOLQLW\ VHFWLRQV DUH SUHVHQWHG DV H[DPSOHV7KH KRUL]RQWDO
GLVWULEXWLRQVRIWKHVHDVXUIDFHWHPSHUDWXUH)LJDQGVDOLQLW\)LJVKRZ
WKHWUDQVLWLRQIURPWKHQHDUVKRUHWRWKHRIIVKRUHUHJLPHVZKLFKDUHVHSDUDWHGE\WKH
3RODUIURQW7KHÁXRUHVFHQFHQHDUWKHVHDVXUIDFHLVSUHVHQWHGLQÀJXUHDQGWKH
LQWHQVLW\RIWKHWHPSHUDWXUHPD[LPXPRIWKH&LUFXPSRODU'HHS:DWHULQÀJXUH
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3.1 Decadal variations of water mass properties in the Atlantic sector (WECCON-HAFOS)
Left: Fig. 3.1.8: Section of potential temperature (top) and salinity (bottom) of the north-eastern section 
of the RMT grid (station 125 to 133)
Right: Fig. 3.1.9: Sections of potential temperature (top) and salinity (bottom) of the south-western 
section of the RMT grid (station 175 to 183)
Fig. 3.1.10: Map of the sea surface temperature of the RMT grid from the underway measurements 
(SBE21 thermosalinograph)
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Fig. 3.1.11: Map of the surface salinity of the RMT grid from the underway measurements (SBE21 
thermosalinograph)
)LJ0DSRIWKHVXUIDFHÁXRURPHWHUUHFRUGRIWKH507JULGIURPWKHXQGHUZD\PHDVXUHPHQWV
ࡐIHUU\ER[´&XUUHQWYHFWRUVREWDLQHGDVYHUWLFDODYHUDJHVRYHUWKHPUHFRUGVIURPWKH$'&3
are indicated as red arrows along the transects.
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3.1 Decadal variations of water mass properties in the Atlantic sector (WECCON-HAFOS)
Fig. 3.1.13: Map of the potential temperature maximum of the RMT grid. Current vectors obtained as 
vertical averages over the 35-75 m records from the ADCP are indicated as black arrows along the 
transects.
3.1.4  Transport variations of the Antarctic Circumpolar Current
Objectives
3UHVVXUH,QYHUWHG(FKR6RXQGHUV3,(6GHOLYHUERWWRPSUHVVXUHERWWRPWHPSHUDWXUH
DQGWUDYHOWLPHVRIVRXQGVLJQDOVIURPWKHERWWRPWRWKHVHDVXUIDFHHIIHFWLYHO\SURYLGLQJ
DPHDVXUHRIDYHUDJHWHPSHUDWXUHRIWKHZDWHUFROXPQDQGVHDVXUIDFHKHLJKW66+
&3,(6DGGLWLRQDOO\SURYLGHORFDOFXUUHQWVSHHGPDERYHWKHERWWRPE\DQDFRXVWLF
'&6FXUUHQWPHWHU7KHVHGDWDDUHXVHGWRHYDOXDWHYDULDWLRQVRIERWKEDURWURSLFDQG
EDURFOLQLFJHRVWURSKLF WUDQVSRUW RI WKH$QWDUFWLF&LUFXPSRODU&XUUHQW $&&DVSDUW
RI WKH$:,SURJUDPPHWRREVHUYHWKHGHFDGDOYDULDELOLW\RI WKH$&&7KH3,(6DUH
SODFHGDORQJWKH*RRG+RSHVHFWLRQEHWZHHQ6RXWK$IULFDDQG$QWDUFWLFD)LJ
ZKLFKLQODUJHSDUWVFRLQFLGHVZLWKJURXQGWUDFNRIWKH-DVRQSUHYLRXVO\723(;
3RVHLGRQ VDWHOOLWHPLVVLRQ WRDOORZGLUHFW FRPSDULVRQZLWKDOWLPHWU\66+3,(6WR
PIES distances are chosen to resolve the major oceanic fronts of this region. 
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Fig. 3.1.14: Location of PIES recoveries/deployments during ANT-XXVII/2.
,QDGGLWLRQWKHVDPH3,(6GDWDLVXVHGLQWKHFRQWH[WRIWKH*5$&(VDWHOOLWHPLVVLRQ
*UDYLW\5HFRYHU\DQG&OLPDWH([SHULPHQWWRYDOLGDWHPRQWKO\PHDQRFHDQERWWRP
SUHVVXUHDQRPDOLHVDVGHULYHGIURPWKH*5$&(JHRLGYDULDWLRQV$VWKHW\SLFDOOHQJWK
VFDOH LQKHUHQW WR*5$&(GDWD LVDERXWNP WKHEURDGVSDWLDOFRYHUDJHRI WKH
*RRG+RSH 3,(6 DUUD\ VSDQQLQJ QHDUO\  NP LV ZHOO VXLWHG WR GHWHUPLQH WKH
DFFXUDF\ RI WKH*5$&(PHDVXUHPHQWV LQ WKLV UHJLRQ7R DFKLHYH D GLPHQVLRQDO
FRYHUDJHRIFRKHUHQWODUJHVFDOH2FHDQ%RWWRP3UHVVXUHVLJQDOVGHWHFWHGE\*5$&(
DGGLWLRQDO3,(6FRPSOHPHQWWKHDUUD\WRWKHQRUWKZHVW)LJ
Work at sea
Overview
:KLOHWKHÀUVW3,(6RQWKH*RRG+RSH*UHHQZLFKVHFWLRQZHUHGHSOR\HGLQWKH
FRQÀJXUDWLRQEHIRUH$17;;9,, LQYROYHG3,(6GHSOR\HG LQ IURPR/V G.O.
Sars $.(6/HJDQGPolarstern $17;;,9DQG$17;;9 )LJ2Q
$17;;9,,WKHVH3,(6ZHUHVFKHGXOHGIRUUHFRYHU\DQGGDWDGRZQORDGZLWK
UHSODFHPHQWGHSOR\PHQWVDWWKHVDPHORFDWLRQVSOXVDGGLWLRQDOQHZGHSOR\PHQWV
WRLPSURYHVSDWLDOUHVROXWLRQLQWKHIURQWDO]RQHVRIWKH$&&DQGH[WHQGHGVRXWKZDUG
FRYHUDJHFORVLQJWKHJDSWRWKHFXUUHQWPHWHU&7'PRRULQJDUUD\IXUWKHUVRXWKDORQJ
WKHSULPHPHULGLDQ)LJ
$VLQJOH3,(6GHSOR\HGQRUWKZHVWRIWKHPDLQVHFWLRQ)LJIRU*5$&(
YDOLGDWLRQZDVVXFFHVVIXOO\UHFRYHUHGE\R/V S.A. Agulhas in September 2010 (Gough 
,VODQGUHOLHIFUXLVHDQGSLFNHGXSE\PolarsternLQ&DSH7RZQDWWKHEHJLQQLQJ
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RIWKLVFUXLVH7ZRRWKHU3,(6RQWKHQRUWKZHVWHUQ´ *5$&(H[WHQVLRQµ)LJIDU
DZD\IURPDQ\UHJXODUFUXLVHWUDFNVDUHSODQQHGIRUÀQDOUHFRYHU\E\Polarstern ANT-
XXVIII/2 in December 2011. 
TDE3,(6UHFRYHULHVE\S.A. Agulhas and Polarstern in Sep-Dec 2010. All times 
LQ87&DOOGHSWKVXQFRUUHFWHGGHHSZDWHUHFKRVRXQGHUGHSWKV':6FDOFXODWHGZLWK
c
s
 = 1500 m/s. 
0RRULQJ,'
Station
book (de-
ployment)
Deploy-
ment date/
time
[UTC]
Deployment
position
*36
Depth (DWS)
Final position
(best estimate
IURP3RVLGRQLD
3,(661
DCS SN
3RVLGRQLD61
3,(6$XWR
release
GDWH5(/
code
Remarks
ANT3-3
PS77/013-3
30.11.2010
06:31
37° 5.84' S
12° 45.23' E
4904 m
37° 05.80‘ S
12° 45.48‘ E
5000 m @07:40
PIES #058
QR'&6
ET861 #637
31-Mar-
2017 12:00 
87&
5(/
Posidonia uncer-
tain, GPS depl. 
position better
ANT4-2
PS77/014-3
01.12.2010
10:13
39° 12.71' S
11° 19.57' E
5139 m
39° 12.81' S
11° 19.88' E
4438 m @ 11:32
PIES #069
QR'&6
ET861 #469
01-Apr-
2017 12:00 
87&
5(/
Releaser failed,
recovered at 
13:14
Deployment
failed
ANT5-3
PS77/015-3
02.12.2010
08:05
41° 9.77' S
9° 55.31' E
4624 m
41°  9.74' S
9° 55.34' E
4601 m @09:29
&3,(6
QR'&6
ET861 #469
02-Apr-2017
87&
5(/
&3,(6EXWZLWK-
RXW'&6
ANT6-1
PS77/016-1
02.12.2010
22:17
42° 58.80' S
8° 30.15' E
3930 m
42° 58.76‘ S
08° 30.00‘ E
3871 m @01:00
PIES #069
QR'&6
ET861 #384
01-Apr-2017
87&
5(/
ANT7-4
PS77/017-2
03.12.2010
18:37
44° 39.73' S
7° 5.15' E
4593 m
44° 39.65‘ S
07° 05.25‘ E
4500 m @22:20
&3,(6
'&6
ET861 #639
03-Apr-2017
87&
5(/
ANT8-1
PS77/018-1
04.12.2010
14:55
46° 12.97' S
5° 40.23' E
4786 m
46° 12.95' S
5° 40.17' E
4760 m @17:40
&3,(6
'&6
ET861 #616
04-Apr-2017
87&
5(/
ANT9-3
PS77/019-2
05.12.2010
10:20
47° 39.87' S
4° 15.22' E
4541 m
no reception &3,(6
'&6
ET861 #602
05-Apr-2017
87&
5(/
YP$'&3FXUUHQW
0.25 kn to NE
ANT10-2
PS77/020-2
06.12.2010
03:58
49° 0.77' S
2° 50.05' E
4056 m
no reception &3,(6
'&6
ET861 #617
06-Apr-2017
87&
5(/
YP$'&3FXUUHQW
0.25 kn to E
ANT11-4
PS77/021-3
07.12.2010
00:13
50° 15.45' S
1° 25.18' E
3901 m
50° 15.33' S
1° 25.00' E
3846 m @ 01:22
&3,(6
'&6
ET861 #385
07-Apr-2017
87&
5(/
ANT12-1
PS77/022-1
07.12.2010
10:52
51° 25.15' S
0° 0.24' E
2713 m
51° 25.23' S
0°  0.42' E
2654 m @ 11:41
PIES #062
QR'&6
ET861 #612
08-Apr-2017
87&
5(/
ANT13-3
PS77/026-2
08.12.2010
11:23
53° 31.22' S
0° 0.13' E
2642 m
53° 31.20' S
0°  0.23' E
2585 m @ 12:09
&3,(6
'&6
ET861 #391
09-Apr-2017
87&
5(/
ANT14-1
PS77/034-1
10.12.2010
04:15
56° 55.71' S
0° 0.01' W
3673 m
56° 55.60' S
0°  0.10' W
3582 m @ 06:15
PIES #191
QR'&6
ET861 #638
10-Apr-2017
87&
5(/
ANT15-2
PS77/042-2
11.12.2010
18:51
59° 2.37' S
0° 5.29' E
4647 m
59°  2.39' S
0°  5.52' E
4590 m @ 20:30
PIES #189
QR'&6
ET861 #614
11-Apr-2017
87&
5(/
near AWI-227
ANT17-1
PS77/053-1
14.12.2010
23:45
64° 0.70' S
0° 2.72' W
5201 m
no reception PIES #125
QR'&6
ET861 #601
12-Apr-2017
87&
5(/
YP$'&3FXUUHQW
0.15 kn to SW
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PIES recoveries
'XULQJ$17;;9,,RI3,(6ZHUHUHFRYHUHGVXFFHVVIXOO\SOXV3,(6E\6$
$JXOKDVZKHUHDV3,(6FRXOGQRWEHUHFRYHUHG7DEOH
$OO3,(6ZHUHDFRXVWLFDOO\UHOHDVHGE\DPRELOH(*	*$GHFNXQLWFRQQHFWHGWR
DK\GURSKRQHORZHUHGRYHUWKHVLGHRIWKHYHVVHO5HOHDVHFRPPDQGVZHUHUHSHDWHG
6-7 times with 2 minutes spacing to ensure that the PIES is not blocked during its own 
measurement schedule, and to re-trigger release execution after possible resets. Due 
to the high underwater noise level of Polarstern, acknowledge pings of the PIES were 
never detected with the exception of the shallowest position ANT15-1. In all but the 
ÀUVW3,(6$17 DQ L;6($(77UDQVSRQGHU DLGHG WKHXQGHUZDWHU ORFDWLRQ RI
WKHPRRULQJVE\WKHVKLSҋV3RVLGRQLDGHYLFHDOEHLWZLWKVLJQLÀFDQWVFDWWHULQSRVLWLRQ
HVWLPDWHV VHH7HFKQLFDO5HSRUW 3RVLGRQLD LQ$SSHQGL[$IWHUDVFHQGLQJ WR WKH
VXUIDFHZLWKDERXWPV WKH3,(6ZHUH ORFDWHGE\9+)GLUHFWLRQÀQGHUYLVXDOO\
VSRWWHG DQG WDNHQ RQ ERDUG ZLWK D NHGJH DQFKRU WKURZQ DFURVV WKH ÁRDWLQJ OLQH
between PIES and Posidonia transponder. 
The southernmost PIES ANT15-1 surfaced in loose sea ice, but could be recovered 
without problems. 
At ANT3-2, ANT4-1 and ANT10-1, the PIES did not surface. Acoustic replies from either 
PIES or Posidonia were not detected; no VHF signals were received either. After 1 hr 
30 min waiting time, the PIES were released again. At ANT4-1, an additional helicopter 
VHDUFKZDVWHUPLQDWHGZLWKRXWDQ\UHVXOWV$IWHUKRXUVPolarstern departed from the 
VWDWLRQVLWHVWKH3,(6DUHPRVWOLNHO\ORVW
PIES deployments
$WDOOSRVLWLRQVRQWKH*RRG+RSHVHFWLRQQHZRUUHIXUELVKHG3,(6ZHUHUHGHSOR\HG
SOXVQHZGHSOR\PHQWVIRU LPSURYHGVSDWLDOUHVROXWLRQRIWKHPDLQIURQWDO]RQHVRI
WKH$&&7DEOH$OO3,(6ZHUHÀUPO\VHDWHGLQDVWHHOVWDQGDQGGHSOR\HGIUHH
falling. The steel stand ensures a stable position on the ground important for accurate 
pressure records. 50 m above the PIES, an ET861 Posidonia transponder, and an 
DFRXVWLF FXUUHQW PHWHU LQ VRPH FDVHV IRU XQGHUZDWHU ORFDWLRQ DQG ORFDO FXUUHQW
PHDVXUHPHQWVDUHDWWDFKHGWRDÁRDWLQJOLQH
$OOEXWRQHGHSOR\PHQWZHUHVXFFHVVIXO LQWKHVHQVHWKDWWKH3,(6UHPDLQHGDWWKH
VHDÁRRULWFRXOGQRWEHYHULÀHGLIWKHLQVWUXPHQWLVRSHUDWLQJFRUUHFWO\ZDVEHFDXVH
of the underwater noise level of PolarsternZKLFKSUHYHQWVWKHGHWHFWLRQRIDQ\SLQJV
WUDQVPLWWHGE\ WKH3,(6$W$173RVLGRQLDGHWHFWHG WKH3,(6DVFHQGLQJ WR WKH
VXUIDFHLPPHGLDWHO\DIWHUKLWWLQJWKHVHDÁRRULWZDVWDNHQRQERDUGDQGQRWGHSOR\HG
DJDLQLQRUGHUWRUHOLDEO\VROYHWKHDSSDUHQWPHFKDQLFDOSUREOHPVRIWKHUHOHDVH)RU
DOOIROORZLQJGHSOR\PHQWV$17WR$17WKHPRRULQJGHVLJQZDVPRGLÀHGHQVXULQJ
WKDWWKH3,(6UHOHDVHLVQRWRYHUVWUHVVHGVHHEHORZ
7KHWZRRSWLRQDO3,(6LQWKH:HGGHOO6HDLQFOXGHGLQWKHFUXLVHSODQZHUHQRWGHSOR\HG
DV WKH ORVWDQGVHYHUDOVLJQLÀFDQWO\GDPDJHG3,(6UHGXFHG WKHQXPEHURI LQWDFW
spare instruments to just one. 
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7DE3,(6GHSOR\PHQWVE\Polarstern in December 2010. All positions except 
ANT15 and ANT17 are at Topex/Jason crossovers. The Posidonia positions are 
EHVWHVWLPDWHVEDVHGRQDQDO\VLVRIDOOVHFRQGÀ[HV IRUVFDWWHULQJDUWHIDFWVDQG
FRQVLVWHQF\ ZLWK ODXQFK SRVLWLRQ DQG YP$'&3 FXUUHQW VSHHG DQG GLUHFWLRQ 7KH\
PD\ GLIIHU VOLJKWO\ IURP WKH SRVLWLRQV QRWHG LQ WKH EULGJH SURWRFROZKLFK DUH EDVHG
RQDQDGKRFDQDO\VLVRIWKH3RVLGRQLDUHDGLQJVYP$'&3YHVVHOPRXQWHG$FRXVWLF
'RSSOHU&XUUHQW3URÀOHU FXUUHQW VSHHGVDYHUDJHG IURP²PGHSWKJLYHD
URXJKHVWLPDWHRISRVVLEOHPRRULQJGLVSODFHPHQWGXULQJGHSOR\PHQWDUHVWDWHGZKHUH
no Posidonia signals were received. 
0RRULQJ,'
Station book 
(deployment)
Deployment
date/time
[UTC]
Deployment
SRVLWLRQ*36
Depth (DWS)
Final position
(best estimate
IURP3RVLGRQLD
3,(661
DCS SN
3RVLGRQLD61
3,(6$XWR
UHOHDVHGDWH
5(/FRGH
Remarks
ANT3-3
PS77/013-3
30.11.2010
06:31
37° 5.84' S
12° 45.23' E
4904 m
37° 05.80‘ S
12° 45.48‘ E
5000 m @07:40
PIES #058
QR'&6
ET861 #637
31-Mar-2017
87&
5(/
Posidonia uncertain, 
GPS depl. position 
better
ANT4-2
PS77/014-3
01.12.2010
10:13
39° 12.71' S
11° 19.57' E
5139 m
39° 12.81' S
11° 19.88' E
4438 m @ 11:32
PIES #069
QR'&6
ET861 #469
01-Apr-2017
87&
5(/
Releaser failed,
recovered at 13:14
Deployment failed
ANT5-3
PS77/015-3
02.12.2010
08:05
41° 9.77' S
9° 55.31' E
4624 m
41°  9.74' S
9° 55.34' E
4601 m @09:29
&3,(6
QR'&6
ET861 #469
02-Apr-2017
87&
5(/
&3,(6EXWZLWKRXW
'&6
ANT6-1
PS77/016-1
02.12.2010
22:17
42° 58.80' S
8° 30.15' E
3930 m
42° 58.76‘ S
08° 30.00‘ E
3871 m @01:00
PIES #069
QR'&6
ET861 #384
01-Apr-2017
87&
5(/
ANT7-4
PS77/017-2
03.12.2010
18:37
44° 39.73' S
7° 5.15' E
4593 m
44° 39.65‘ S
07° 05.25‘ E
4500 m @22:20
&3,(6
'&6
ET861 #639
03-Apr-2017
87&
5(/
ANT8-1
PS77/018-1
04.12.2010
14:55
46° 12.97' S
5° 40.23' E
4786 m
46° 12.95' S
5° 40.17' E
4760 m @17:40
&3,(6
'&6
ET861 #616
04-Apr-2017
87&
5(/
ANT9-3
PS77/019-2
05.12.2010
10:20
47° 39.87' S
4° 15.22' E
4541 m
no reception &3,(6
'&6
ET861 #602
05-Apr-2017
87&
5(/
YP$'&3FXUUHQW
0.25 kn to NE
ANT10-2
PS77/020-2
06.12.2010
03:58
49° 0.77' S
2° 50.05' E
4056 m
no reception &3,(6
'&6
ET861 #617
06-Apr-2017
87&
5(/
YP$'&3FXUUHQW
0.25 kn to E
ANT11-4
PS77/021-3
07.12.2010
00:13
50° 15.45' S
1° 25.18' E
3901 m
50° 15.33' S
1° 25.00' E
3846 m @ 01:22
&3,(6
'&6
ET861 #385
07-Apr-2017
87&
5(/
ANT12-1
PS77/022-1
07.12.2010
10:52
51° 25.15' S
0° 0.24' E
2713 m
51° 25.23' S
0°  0.42' E
2654 m @ 11:41
PIES #062
QR'&6
ET861 #612
08-Apr-2017
87&
5(/
ANT13-3
PS77/026-2
08.12.2010
11:23
53° 31.22' S
0° 0.13' E
2642 m
53° 31.20' S
0°  0.23' E
2585 m @ 12:09
&3,(6
'&6
ET861 #391
09-Apr-2017
87&
5(/
ANT14-1
PS77/034-1
10.12.2010
04:15
56° 55.71' S
0° 0.01' W
3673 m
56° 55.60' S
0°  0.10' W
3582 m @ 06:15
PIES #191
QR'&6
ET861 #638
10-Apr-2017
87&
5(/
ANT15-2
PS77/042-2
11.12.2010
18:51
59° 2.37' S
0° 5.29' E
4647 m
59°  2.39' S
0°  5.52' E
4590 m @ 20:30
PIES #189
QR'&6
ET861 #614
11-Apr-2017
87&
5(/
near AWI-227
ANT17-1
PS77/053-1
14.12.2010
23:45
64° 0.70' S
0° 2.72' W
5201 m
no reception PIES #125
QR'&6
ET861 #601
12-Apr-2017
87&
5(/
YP$'&3FXUUHQW
0.15 kn to SW
Technical remarks on PIES recoveries and deployments
7KHUHDVRQVIRUWKHWKUHHXQVXFFHVVIXOUHFRYHULHVDUHXQFOHDU+DUGZDUHÀUPZDUH
EDWWHU\ 9+)ÁDVKOLJKWPRGXOH RU OHDNDJH SUREOHPV DUH QRW NQRZQ WR DIIHFW WKHVH
SDUWLFXODU3,(6EXWFDQQRWEHH[FOXGHG+RZHYHULWDSSHDUVXQOLNHO\WKDWWKH3RVLGRQLD
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WUDQVSRQGHU DW $17 DQG $17 IDLOHG FRQFXUUHQWO\ ZKLFK VXJJHVWV WKDW WKH
3,(6KDYHOHIWWKHLUSRVLWLRQXQQRWLFHG$OWKRXJK3,(6KDYHEHHQGHSOR\HGE\$:,LQ
WKH$&&VLQFHZLWKDODUJHO\VLPLODUPRRULQJGHVLJQVRPHFULWLFDOLVVXHVZHUH
LGHQWLÀHGEDVHGRQWKHH[SHULHQFHVRIWKLVFUXLVH
- 2YHUVWUHVVLQJRIWKHUHOHDVHUDQRGHZLUHGXULQJGHSOR\PHQW$W$17DORRVH
ZLUH FRQQHFWLRQ ZDV QRWHG SULRU WR GHSOR\PHQW WKH UHOHDVH ZDV H[FKDQJHG
+RZHYHUDVLPLODUSURGXFWLRQHUURUPD\KDYHRFFXUUHGLQSUHYLRXV\HDUV)XUWKHU
ZKHQWKHVWDQGKLWVWKHJURXQGZLWKKLJKHUVSHHGVWKHZLUHPD\EHSXOOHGRXW
RIWKHUHOHDVHSLQVXSSRUWLQJWKHNJDQFKRUZHLJKWWKLVRFFXUUHGDW$17
:LWKRXWSURORQJHG3RVLGRQLDFRQWUROQRWGRQHLQWKHUHDVFHQWRIWKH3,(6
ZRXOGJRXQQRWLFHGDVWKH9+)PRGXOHLVWULJJHUHGRQO\E\DUHOHDVHFRPPDQG
and not an accidental drop of the anchor weight. 
- &RUURVLRQWKHDQFKRUZHLJKWPLJKWEHORVWLIWZRZHOGVFRUURGHGIUHHLQJWKH3,(6
ZKHQLWLVQRWVHFXUHGZLWKDQDGGLWLRQDOVDIHW\OLQHWRWKHVWDQG7KLVVFHQDULR
DSSOLHVWR$17DQG$17RQO\3RS8SGDWDIURP$17ZKLFKVXGGHQO\
end at 30-Dec-2009 might suggest that this PIES dropped its anchor end of 2009. 
- 6WDQG WLSSHGRYHU ,QFDVHRIVWHHSERWWRPWRSRJUDSK\RUVWURQJFXUUHQWV WKH
VWDQG PD\ KDYH ODQGHG RQ LWV VLGH 'DWD IURP$17 VXJJHVW WKDW VXFK D
VFHQDULRLVSRVVLEOH)LJ
$OO3,(6GHSOR\HGGXULQJ$17;;9,,KDYHDQDGGLWLRQDOVDIHW\OLQHVHFXULQJLWGLUHFWO\
WRWKHVWDQG%HJLQQLQJZLWKGHSOR\PHQW$17DOOUHOHDVHDQRGHZLUHVZHUHVWUHVV
WHVWHGDQG WKH3,(6DWWDFKHGZLWKDVKRUW.HYODUZLUHGLUHFWO\ WRDÀ[HGFURVVEDU
LQVWHDGRI D IUHHO\ KDQJLQJDQFKRUZHLJKW UHGXFLQJ WKHSHDN ORDGZKHQ WKH VWDQG
ODQGVRQWKHVHDÁRRU7KHRYHUDOOZHLJKWRIWKHVWDQGDQGDQFKRUZHLJKWDVVHPEO\
ZDVUHGXFHGE\DERXWNJWRNJIRU&3,(6ZLWK$DQGHUDD'&6FXUUHQWPHWHU
3RVLGRQLDDQGµÁRDWEXR\DQF\NJRUNJ 3,(63RVLGRQLDRQO\
EXR\DQF\NJ7KLVZHLJKWUHGXFWLRQHIIHFWHGDVORZHUGHVFHQWPVLQVWHDG
RIPVDVREVHUYHGE\3RVLGRQLD)RUIXUWKHUGHWDLOVUHIHUWR7HFKQLFDO5HSRUW
3,(6LQWKH$SSHQGL[
3UHOLPLQDU\UHVXOWV
Assessment of data quality
0RVWRIWKH3,(6UHFRYHUHGE\S.A. Agulhas and PolarsternRSHUDWHGÁDZOHVVO\RYHU
WKHHQWLUHGHSOR\PHQWSHULRGRI²\HDUV ZLWK$17EHLQJ WKH ORQJHVW$:,
3,(6GHSOR\PHQWVRIDU3UHVVXUHDFFXUDF\DQGGULIWLVZLWKLQDFFHSWHGUDQJHRIWKH
VHQVRUDOVRDFRXVWLF WUDYHO WLPH\LHOGVSODXVLEOHUHVXOWVDWPRVW LQVWUXPHQWV7KHUH
are, however, a few exceptions: 
$W$17)LJSUHVVXUHYDOXHVH[KLELWDVXGGHQMXPSWRGEDUVPDOOHU
values on 13 October 2008. From this moment, acoustic travel times are rather good, 
ZKHUHDVEHIRUHRQO\RIDOOSLQJVUHFRUGHGDZLGHO\VFDWWHUHGVXUIDFHHFKR$
SODXVLEOHVFHQDULR LV WKDW WKH3,(6VWDQG OD\RQ LWVVLGHXQWLO2FWREHUEXWZDV
HYHQWXDOO\XSULJKWHGE\WKHEXR\DQF\SXOORIWKH3RVLGRQLDWUDQVSRQGHUFRPELQHGZLWK
a favourable current direction and speed. 
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&3,(6DW$17FROOHFWHGQRYDOLGGDWDUHVHWWLQJDQGFRPPXQLFDWLRQRQ56
was impossible. Inspection revealed about 20 cm3 of seawater inside which entered 
DWOHDVWSDUWLDOO\WKURXJKWKHHTXDWRUVHDORIWKH3,(67KHV\VWHPEDWWHU\ZDVGHDG
ZLWKRQH/LWKLXPFHOOEORZQXS7KHORJÀOHVKRZHGWKDWWKH3,(6VWDUWHGUHVHWWLQJLWVHOI
MXVWPLQDIWHULWVGHSOR\PHQWOLNHO\GXHWRORZYROWDJHDIWHUDVKRUWFXWDQGVWRSSHG
RSHUDWLRQVKRUWO\ODWHU
Fig. 3.1.15: Raw pressure, bottom temperature and travel time data from ANT5-2. First part of time 
series may indicate that the PIES lay on its side. The scattered travel times in this period represent 
only 20% of all pings; for the remaining 80% the PIES detected no echo.
Fig. 3.1.16: Raw pressure, bottom temperature and travel time data from ANT15-1. Scattered travel 
times may indicate sea ice coverage. Bold lines indicate 7 day low-passed values.
5HFRYHU\RI$17IDLOHG)RUWXQDWHO\D3RS8SEXR\UHFHLYLQJGDWDIURPWKH3,(6
YLDDQ,U'$OLQNVXUIDFHGDVVFKHGXOHGRQ$SULODQGWUDQVPLWWHGGDLO\DYHUDJHG
SUHVVXUHDQGWUDYHOWLPHGDWDFRYHULQJWKHSHULRGIURPGHSOR\PHQWXQWLO'HFHPEHU
ZKHQREYLRXVO\WKH3,(6GLHGRUOHIWWKHVWDQG
PIES 113 at ANT9-3 delivered travel times scattered between the actual travel time and 
WKHVKRUWHUORFNRXWWLPHQRWVKRZQ)XUWKHULQVSHFWLRQLVQHFHVVDU\LIWKLVLVFDXVHGE\
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incorrect output level, or electronic problems in the echo detection. The southernmost 
3,(6 DW$17 VKRZ WHPSRUDULO\PRUH VFDWWHUHG WUDYHO WLPHV )LJ  7KLV
PD\EHUHODWHGWRVHDLFHFRYHUDJHDQGLVWREHFRPSDUHGZLWKVDWHOOLWHVHDLFHGDWD
Nevertheless, even the more scattered portions of ANT9-3 and ANT15-1 travel times 
FRQWDLQDVXIÀFLHQWSHUFHQWDJHRI´UHDOµ WUDYHO WLPHVWRIDFLOLWDWHRFHDQRJUDSKLFGDWD
DQDO\VLV
ACC temperature and transport variability
7KH3,(6UHFRYHUHGIURPWKH*RRG+RSHVHFWLRQFRYHUPRVWRIWKH$&&UHVROYLQJ
WKH6XEDQWDUFWLF3RODUDQG6RXWKHUQ$&&)URQWV6$)3)DQG6$&&)UHVSHFWLYHO\
8QIRUWXQDWHO\GXHWRWKHORVVRI$17DQG$17WKH6XEWURSLFDO)URQW67)LV
QRWFRYHUHGIRUIURQWSRVLWLRQVVHH2UVLHWDO
$FRXVWLF WUDYHO WLPHV GHSHQG RQ VRXQG VSHHG DQG WKXV WHPSHUDWXUH%\ DVVLJQLQJ
2%3WUDYHO WLPHPHDVXUHPHQWV WR WKH NQRZQ UDQJH RI WHPSHUDWXUHVDOLQLW\ SURÀOHV
DFURVV WKH$&&ZDUP VKRUW WUDYHO WLPHV LQ WKHQRUWKPHWKRGNQRZQDV*UDYHVW
(PSLULFDO0RGH*(00HLQHQDQG:DWWV WLPHVHULHVRI IXOO76SURÀOHVDUH
REWDLQHGDWHDFK3,(6SRVLWLRQ3UHOLPLQDU\UHVXOWVDUHVKRZQLQ)LJLQGLFDWLQJ
DFRQVLVWHQWVHDVRQDOF\FOHRIDYHUDJHXSSHUPWHPSHUDWXUHDW6UDQJLQJ
IURP&WR&DQGPRUHFRQVWDQWWHPSHUDWXUHVFORVHWR&DW6)LJ
WRS'\QDPLFKHLJKWDQRPDOLHVDWWKHQRUWKHUQSRVLWLRQDUHPDERYHWKRVHDW6
FI6ZDUWHWDOZLWKDSURPLQHQWVHDVRQDOF\FOH)LJFHQWUHDVGRHV
WKHEDURFOLQLFWUDQVSRUW)LJERWWRP7KHPG\QDPLFKHLJKWGLIIHUHQFHLV
VPDOOHUWKDQWKHP66+VORSHREVHUYHGE\-DVRQDOWLPHWU\0$'7GDWDREWDLQHG
IURP$YLVRQRWVKRZQZKLFKDJUHHVZLWKWKHIDFWWKDWDODUJHSDUWRIWKH$&&WUDQVSRUW
is indeed barotropic. 
The barotropic component is inferred from the pressure data of the PIES. All pressure 
WLPHVHULHVZHUHFRUUHFWHGIRUWKHVHQVRUGULIWE\DQHPSLULFDOH[SRQHQWLDOOLQHDUÀW)URP
SUHVVXUHGLIIHUHQFHDQRPDOLHVEHWZHHQWKHPRRULQJVEDURWURSLFWUDQVSRUWYDULDELOLW\RI
WKH$&&FDQEHFDOFXODWHGDSSO\LQJJHRVWURSKLFEDODQFH3UHOLPLQDU\DQDO\VLVUHYHDOV
EDURWURSLFWUDQVSRUWYDULDWLRQVEHWZHHQ6$17DQG6$17RI6Y
IRUGD\ORZSDVVHGGDWD2QVHDVRQDOWLPHVFDOHVWUDQVSRUWYDULHVE\DERXW6Y
with indications of lower values in austral summer, somewhat balancing the increased 
baroclinic transport in this period. 
)XUWKHUDQDO\VLVLVUHTXLUHGWRUHVROYHWKHFRQWULEXWLRQVRIWKHLQGLYLGXDOIURQWVWRWKH
RYHUDOO$&&WUDQVSRUWDQGLWVUHODWLRQWRZLQGVWUHVV6RXWKHUQ$QQXODU0RGH6$0
DQGFOLPDWHYDULDELOLW\$EVROXWHEDURWURSLFDQGEDURFOLQLFWUDQVSRUWWLPHVHULHVFRYHULQJ
WKHSHULRGIURPWRZLOOEHREWDLQHGE\UHIHUHQFLQJWKHWUDYHOWLPHGHULYHG
G\QDPLF KHLJKW DQRPDOLHV WR VDWHOOLWH DOWLPHWU\ DQG 3,(6REVHUYHG RFHDQ ERWWRP
pressure.
7KH2%3UHFRUGVDUHDOVRWREHXVHGLQYDOLGDWLRQRI*5$&(JUDYLW\ÀHOGHVWLPDWHV
3UHYLRXVVWXGLHV0DFUDQGHUHWDOVXJJHVWWKDWLQWKHSUHGRPLQDQWO\EDURWURSLF
6RXWKHUQ2FHDQ*5$&(LQGHHGFDSWXUHVDERXWRIWKHDFWXDOODUJHVFDOH2%3
YDULDELOLW\RQPRQWKO\WLPHVFDOHV
)LQDOO\ERWWRPWHPSHUDWXUHUHFRUGVPD\VXSSRUWDQDO\VLVRIORFDOYDULDELOLW\DQGORQJ
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WHUPFKDQJHVLQ$QWDUFWLF%RWWRP:DWHUSURSHUWLHVLQIHUUHGIURPUHSHDWK\GURJUDSK\
on the Greenwich meridian.
Fig. 3.1.17: 7 day low passed average temperature of upper 2,000 m (top), dynamic height relative 
to 2,000 m (centre). Red: PIES ANT5-2 at 37°S, blue: PIES ANT15-1 at 59°S. Bottom: Geostrophic 
transport anomalies (red: baroclinic, blue: barotropic). Note that for clarity baroclinic transport of upper 
1,000 m is shifted by 100 Sv. Bold lines denote 90 day low passed values.
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Long-term data storage and access
All PIES data are to be error checked, pressure drift corrected and validated with 
DGMDFHQW&7'SURÀOHVWDNHQGXULQJGHSOR\PHQWDQGUHFRYHU\7KHGDWDDUHDFFHVVLEOH
E\FRQWDFWLQJ$QGUHDV0DFUDQGHURU2ODI%RHEHODW$:,DQGZLOOEHPDGHDYDLODEOHLQ
WKH3DQJDHDGDWDEDVHDW$:,ZLWKLQRQH\HDURIWKLVFUXLVH
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3.1.5Argo in the Southern Ocean
Objectives
7KH LQWHUQDWLRQDO $UJRSURMHFW PDLQWDLQV RUGHU RI  SURÀOLQJ ÁRDWV GLVWULEXWHG
throughout the world ocean, to establish a real-time operational data stream of mid- 
DQGXSSHUPRFHDQWHPSHUDWXUHDQGVDOLQLW\SURÀOHV,QDGGLWLRQWKHDUUD\
SURYLGHV WKHPLGGHSWK RFHDQLF FLUFXODWLRQ SDWWHUQ'XULQJ WKH SDVW \HDUV WKH$:,
SXVKHGWHFKQRORJLFDOGHYHORSPHQWVWRH[WHQGWKHRSHUDWLRQDOUDQJHRI$UJRÁRDWVLQWR
VHDVRQDOO\ LFHFRYHUHG UHJLRQV7R WKLV HQG DQGZLWK DGGLWLRQDO VXSSRUW E\ WKH(8
projects MERSEA and EURO-ARGO as well as the BMBF Project German Argo, the 
1(02ÁRDW1DYLJDWLQJ(XURSHDQ0DULQH2EVHUYHUKDVEHHQGHYHORSHGDQGWHVWHG
ZKLFKLVQRZIXOO\RSHUDWLRQDO.ODWWHWDO1(02ÁRDWVDUHHTXLSSHGZLWK,6$
DQLFHVHQVLQJDOJRULWKPZKLFKWULJJHUVWKHDERUWRIDÁRDWVҋDVFHQWWRWKHVHDVXUIDFH
ZKHQWKHSUHVHQFHRIVHDLFHLVOLNHO\DVGHWHUPLQHGIURPWKHH[LVWHQFHRIDOD\HURI
QHDUVXUIDFHZLQWHUZDWHU1HYHUWKHOHVVWREHDEOHWRUHWURVSHFWLYHO\WUDFNWKHÁRDWV
WKDW DFWLYHO\ UHPDLQHG XQGHU VHD LFH DFRXVWLF WUDFNLQJ YLD5$)26 5RVVE\ HW DO
5DQJLQJ$QG)L[LQJ2I6RXQGLVXVHGLQE\PHDQVRIDQDUUD\RIPRRUHG
sound sources.
Work at sea
'HSOR\PHQWRI$UJRÁRDWV
,W ZDV SODQQHG WR GHSOR\  $UJR )ORDWV RI GLIIHUHQW W\SHV DQG IURP GLIIHUHQW
PDQXIDFWXUHV LH  1(02 1DYLJDWLQJ (XURSHDQ0DULQH2EVHUYHU SURGXFHG E\
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2SWLPDUH*HUPDQ\DQG$SH[ÁRDWVSURGXFHGE\7(/('<1(:HEE5HVHDUFK
86$IRUGHWDLOVVHH7DEOH7ZR1(02ÁRDWVLQGLFDWHGWHFKQLFDOSUREOHPVD
1HPRLQ7DEOHGLGQRWVXFFHVVIXOO\ÀQLVKWKHVWDUWXSVHOIWHVWEWKH
VOHHYHEODGGHURI1(02ZDVQRWÀOOHGSURSHUO\+HQFHERWKÁRDWVZHUHQRW
GHSOR\HG
7DEOH1XPEHUDQGFKDUDFWHULVWLFRIWKH$UJRÁRDWVGHSOR\HGGXULQJ$17;;9,,
# 3ODQHG
Quantity
(deployed)
Trade
Name
Sat.
Com.
RA-
FOS
Oxygen 3URWRW\SH
/LJKWVHQVRU
appropriated
1  NEMO Iridium Y Y AWI
2  NEMO Iridium Y - Y AWI
3  NEMO Iridium Y - - AWI
4  NEMO ARGOS Y - - BSH
5  NEMO ARGOS - - - BSH
6  Apex ARGOS - - - BSH
7  Apex ARGOS - - - KNMI
NEMO
'XULQJ$17;;9,,DUHPDLQLQJQXPEHURI1(02ÁRDWVZHUHGHSOR\HGFRQVLVWLQJ
RI,ULGLXPÁRDWVDQGIRXU$5*26ÁRDWVSURYLGHGE\%XQGHVDPWIU6HHVFKLIIIDKUW
XQG+\GURJUDSKLH%6+$OO1(02ÁRDWVDUHHTXLSSHGZLWKDQDGMXVWDEOH,FH6HQVLQJ
$OJRULWKP,6$VHWWR&ZLWKDҊUHWDUGHGҊUHVSRQVH+RZHYHUWKHODWHUIHDWXUH
KDV EHHQ GLVDEOHG LQ RUGHU WR UHGXFH WKH SRVVLELOLW\ RI ÀUPZDUH LQGXFHG GHIHFWV
,QWHULPGDWDVWRUDJHL6WRUHVWRUHVDQ\SURÀOHVWKDWFRXOGQRWEHWUDQVPLWWHGLQUHDO
WLPHGXHWR,6$DERUWVDQGWUDQVPLWVWKHVHSURÀOHVGXULQJLFHIUHHFRQGLWLRQ7KHÁRDWV
ZHUHEDOODVWHGWRGULIWDWDGULIWGHSWKRIPDQGZLOODFTXLUHSURÀOHVIURPP
XSZDUGV$OOÁRDWODXQFKHVZHUHSUHFHGHGE\D&7'FDVW
$VRIWZDUHEXJDIIHFWHGDOO1(02,ULGLXPÁRDWV²ZKLFKDFFLGHQWDOO\EURXJKWWKHÁRDWV
LQWRVOHHSFRQGLWLRQV²ZDVGHWHFWHGRQO\DIWHUWKHGHSOR\PHQWRIWKHVHFRQG,ULGLXP
ÁRDW 6XEVHTXHQWO\ DOO UHPDLQLQJ 1(02 ,ULGLXP ÁRDWV LH  ZHUH VXFFHVVIXOO\
XSGDWHGZLWKQHZÀUPZDUH9HUVLRQ%XJÀ[9HUVLRQ
Apex
,Q DGGLWLRQ $SH[ ÁRDWVZHUH GHSOR\HG VHYHQKDYHEHHQSURYLGHGE\.RQLQNOLMN
1HGHUODQGV0HWHRURORJLVFK ,QVWLWXXW .10, HLJKW E\%XQGHVDPW IU 6HHVFKLIIIDKUW
XQG+\GURJUDSKLH %6+7KH.10, %6+ÁRDWVZHUHEDOODVWHG WRGULIWDWDGHSWK
RIPPDQGZLOODFTXLUHSURÀOHVIURPPXSZDUGV$OOLQVWUXPHQWV
XVH$5*26V\VWHPIRUVDWHOOLWHFRPPXQLFDWLRQVDQGZHUHODXQFKHGLQWRWKH$QWDUFWLF
&LUFXPSRODU&XUUHQW VHH)LJXUH 7DEOH $OO$SH[ ÁRDW ODXQFKHVZHUH
SUHFHGHGE\D&7'FDVW
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)LJ'HSOR\PHQWSRVLWLRQVRI$UJRÁRDWVࡐ3OXVHV´LQGLFDWH$5*26ÁRDWVࡐGRWV´,ULGLXP
ÁRDWVUHGSOXV²$SH[ÁRDWV.10,EODFNSOXV²$SH[ÁRDWV%6+\HOORZSOXV²1(02ÁRDWV%6+
JUHHQSOXV²1(02ÁRDWVZLWK5$)26%6+EODFNGRWV²1(02ZLWK5$)26JUHHQGRWV²1(02
ZLWK5$)26DQG2[\JHQUHGGRWV²1(02ZLWK5$)26DQGSURWRW\SHOLJKWVHQVRU
Table 3.1.8'HSOR\PHQWRI$UJRÁRDWV
# Float 
Serial
Number
Internal
AWI
Notation
Argos Id 
Dec or
Iridium
,0(,
Station
>36@
/DWLWXGH /RQJLWXGH Date
(UTC)
Time 
(UTC)
01 A5344 NL 102294 77/15 41°  9.73‘ S 9° 55.08‘ E 02.12.10 09:44
02 A5335 BSH 78149 16 42° 58.89‘ S 8° 30.14‘ E 03.12.10 01:28
03 A5336 BSH 78246 17 44° 40.10‘ S 7° 5.95‘ E 03.12.10 22:10
04 A5345 NL 102369 18 46° 13.24‘ S 5° 41.25‘ E 04.12.10 18:42
05 A5337 BSH 78257 19 47° 39.81‘ S 4° 15.32‘ E 05.12.10 14:36
06 A5346 NL 102370 20 49°  1.06‘ S 2° 50.09‘ E 06.12.10 07:19
07 A5338 BSH 78389 21 50° 15.34‘ S 1° 25.02‘ E 07.12.10 01:30
08 A5347 NL 102371 22 51° 25.21‘ S 0° 0.52‘ E 07.12.10 13:31
09 A5339 BSH 79493 24 52° 28.21‘ S 0° 0.12‘ E 08.12.10 00;18
10 A5348 NL 102372 27 54°  0.52‘ S 0° 0.26‘ W 08.12.10 19:59
11 A5340 BSH 79494 29 55°   0.35‘ S 0°   0.07‘ E 09.12.10 05:38
12 A5349 NL 102373 31 55° 30.05‘ S 0°   0.66‘ E 09.12.10 12:42
13 A5350 NL 102374 32 56°  0.02‘ S 0°   0.10‘ E 09.12.10 18:56
14 N151 BSH 
/141
37393 35 57° 29.53‘ S 0°  0.62‘ W 09.12.10 14:14
15 N153 BSH 
/142
37395 36 57° 59.67‘ S 0°   0.42‘ E 09.12.10 20:37
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# Float 
Serial
Number
Internal
AWI
Notation
Argos Id 
Dec or
Iridium
,0(,
Station
>36@
/DWLWXGH /RQJLWXGH Date
(UTC)
Time 
(UTC)
16 N152 BSH 
/143
37394 42 59°  1.98‘ S 0°   6.02‘ E 11.12.10 22:24
17 N154 BSH 
/144
40842 45 60°   0.56‘ S 0°   1.21‘ E 12.12.10 15:29
18 N138 145 3000 340 
130 05970
49 61° 57.76‘ S 0°   2.54‘ E 13.12.10 19:43
19 N143 146 3000 340 
123 99640
51 62° 59.76‘ S 0°  0.43‘ W 14.12.10 11.07
20 N133 147 3000 340 
130 28620
53 63° 59.66‘ S 0°  2.97‘ W 15.12.10 16:41
21 N130 148 3000 340 
123 94640
56 65°   1.21‘ S 0°  0.88‘ W 16.12.10 06:11
22 N148 149 3000 340 
130 21620
58 66°  0.46‘ S 0°  7.27‘ E 16.12.10 23:05
23 N131 150 3000 340 
123 90620
61 67°  0.16‘ S 0°  0.47‘ E 18.12.10 02:35
24 N126 151 3000 340 
123 97460
63 68°  0.20‘ S 0°  0.46‘ E 18.12.10 14:42
25 N137 152 3000 340 
130 04980
66 69°  0.16‘ S 0°  0.34‘ E 19.12.10 10:27
26 N149 153 3000 340 
130 23610
68 69°  0.00‘ S 6° 57.22‘ W 23.12.10 11:56
27 N132 154 3000 340 
123 93620
76 70°  5.37‘ S 14° 30.37‘ W 26.12.10 11:24
28 N134 155 3000 340 
123 96640
78 69°  3.52‘ S 17° 23.01‘ W 27.12.10 12:02
29 N129 156 3000 340 
123 97640
80 68°  0.79‘ S 19° 59.54‘ W 28.12.10 05:08
30 N136 157 3000 340 
130 02990
82 67° 19.72‘ S 23° 36.55‘ W 28.12.10 21:03
31 N128 158 3000 340 
123 91620
84 66° 37.54‘ S 27°  5.37‘ W 29.12.10 18:34
32 N140 159 3000 340 
130 02980
86 66° 18.46‘ S 29° 59.41‘ W 30.12.10 07:54
33 N139 160 3000 340 
130 09980
89 65° 54.18‘ S 33° 51.69‘ W 31.12.10 03:05
34 N127 161 3000 340 
123 95620
95 65°  5.96‘ S 40° 31.08‘ W 03.01.11 05:10
35 N142 162 3000 340 
130 29620
100 64° 30.02‘ S 45°  0.01‘ W 04.01.11 11:40
36 N141 163 3000 340 
130 03980
106 63° 52.93‘ S 49° 31.45‘ W 05.01.11 22:36
37 A5341 BSH 79496 206 59° 53.86‘ S 62° 53.41‘ W 02.02.11 00:10
38 A5342 BSH 79497 207 58° 20.56‘ S 63° 28.18‘ W 02.02.11 13:18
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Installation of RAFOS Sound sources
7KH 5DQJLQJ DQG )L[LQJ RI 6RXQG 5$)26 WHFKQRORJ\ KDV EHHQ XVHG ZLGHO\ LQ
PRGHUDWHODWLWXGHVWRSURYLGHKLJKUHVROXWLRQWUDMHFWRULHVRIQHXWUDOO\EXR\DQWÁRDWVE\
means of underwater acoustics. It is based on travel time measurements of a coded 
VRXQGVLJQDOEHWZHHQDPRRUHGVRXQGVRXUFHDQGWKHPRYLQJÁRDW+RZHYHUDWKLJK
ODWLWXGHVWKLVWHFKQLTXHLVH[SHFWHGWRZRUNDWFRQVLGHUDEOHVKRUWHUUDQJHVRQO\
'XULQJ$17;;9,, HLJKW VRXQG VRXUFHVZHUH UHFRYHUHGDQGQLQHZHUHGHSOR\HG
7DEDQG7KHQLQWKVRXQGVRXUFHQHZO\GHYHORSHGDQGSURGXFHGE\
GHYHORJLF*PE+ZDVDSSOLHGIRUWHVWLQJSXUSRVHRQO\DWWKHORFDWLRQ:$:,
see Figure 3.1.19.
Fig. 3.1.19: Current state of the Weddell Sea RAFOS array. Red dots depict positions where sound 
sources were deployed or redeployed during ANT XXVII-2, the black circle shows the position of 
sound source W8, which was only recovered (no redeployment), the green circle shows the position of 
sound source W5, which was mere deployed (no recover). The black dots represent positions sound 
sources deployed during earlier cruises.
With the exception of the sound source W6 at AWI-207 all recovered instruments were 
UHGHSOR\HG GXULQJ WKH FUXLVH VHH7DEOH  )RU WKLV SXUSRVH WKH VKDFNOHV DQG
FKDLQVZHUH FKDQJHG DW DOO VRXUFHV7KH5RVVE\ VRXUFHVZHUH IDUWKHU UHIXUELVKHG
ZLWKQHZEDWWHULHV LQFOXGLQJ WKH UHJHQHUDWLRQRIYDFXXPDQG WKHH[FKDQJHRI WKH
electronics of R27 and R34. 
No additional maintenance has been applied to Webb sources except the change of 
the two 9V blocks for communication of W24. 
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Table 3.1.8: Sound sources recovered
site / mooring
pong time
position 
water depth
recovery date
sound source status
W1d / 229-8
00:30 GPS
63° 58.03‘S 
00° 03.10‘W
5195 m
15 Dec 2010
5#PSLJJ\EDFNDOXPLQXPUHVRQDWRU
57&#*36jVODWH
JHQHUDOVWDWXVDWUHFRYHU\RN
W2d / 231-8
01:00 GPS
66° 30.68‘S 
00° 01.81‘W
4547 m
17 Dec 2010
5#PSLJJ\EDFNDOXPLQXPUHVRQDWRU
57&#*36jVODWH
JHQHUDOVWDWXVDWUHFRYHU\RN
W4b / 209-5
01:30
66° 36.89’S 
27° 07.08’W
4860 m
29 Dec 2010
5#PSLJJ\EDFNDOXPLQXPUHVRQDWRU
No time check
JHQHUDOVWDWXVDWUHFRYHU\UHVRQDWRURN
                                           electronic defective
W6b / 207-7
01:00
63° 42.74’S
50° 50.55’E
2500 m
06 Jan 2011
5#PSLJJ\EDFNDOXPLQXPUHVRQDWRU
with electronics R 19
57&#*36jVHDUO\
JHQHUDOVWDWXVDWUHFRYHU\RN
W8b / 207-7
01:00
63° 42.74’S
50° 50.55’E
2500 m
06 Jan 2011
5#PSLJJ\EDFNDOXPLQXPUHVRQDWRU
1RH[DFWWLPHFKHFNGXHWREDWGLVFKDUJHDSSUR[57&
#*36jaVHDUO\
JHQHUDOVWDWXVDWUHFRYHU\RNHOHFWURQLFZDVFKDQJHGIRU
further use because of large time offset
W9a / 245-1
01:10 GPS
69° 03.68’S
17° 25.89’W
4766 m 
27 Dec 2010
:#PSLJJ\EDFNGHVLJQ
Bat=+00402dV
Vac=+00069
JHQHUDOVWDWXVDWUHFRYHU\RN
UHDG\IRUUHGHSOR\PHQW
W10a / 217-3
00:40 GPS
64° 23.63’S
45° 52.38’W
4456 m
04 Jan 2011
5#PSLJJ\EDFNDOXPLQXPUHVRQDWRU
57&#*36jVHDUO\
,QWHUQDO3UHVVXUHK3DVHQVRUIDXOW\PDQXDOYDFX-
XPFKHFNRN
JHQHUDOVWDWXVDWUHFRYHU\RN
W11a / 244-1
00:40 GPS
68° 59.70’S
06° 56.70’W
2927 m
23 Dec 2010
:HEE#PSLJJ\EDFN
57&#*36jVHDUO\
Bat=+00406dV
Vac=+00083
JHQHUDOVWDWXVDWUHFRYHU\RN
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Table 3.1.96RXQGVRXUFHPRRULQJVGHSOR\HGGXULQJ$17;;9,,6RXQGVRXUFH
GHSWKVDUHQRPLQDOGHSWKDFFRUGLQJWRSUHOLPLQDU\PRRULQJSURWRFROV
site / mooring
pong time
position 
 water depth
deployment date
sound source status
W1e / 229-9
00:40 GPS
63° 59.65’S
00° 02.65’W
5170 m 
15 Dec 2011
5#PZLWKHOHFWURQLFDVSODQHG
SLJJ\EDFNGHVLJQDOXPLQXPUHVRQDWRU
W2e/ 231-9
01:10 GPS
66° 30.71’S
00° 01.51’W
4517 m
17 Dec 2010
R 29 @ 811m; former position W1
SLJJ\EDFNGHVLJQDOXPLQXPUHVRQDWRU
W4c / 209-6
01:00 GPS
66° 36.70S
27° 07.31’W
4860 m 
29 Dec 2010
:#PUHGHSOR\HG:
SLJJ\EDFNGHVLJQ
maintenance: replacement of the two 9V blocks, vacuum rene-
wed; Bat=+00407dV, Vac=+00049 
W5b / 208-6
00:40 GPS
65° 37.04’S
36° 25.28’E
4740 m
01 Jan 2011
R 34 @ 861 m; former position W4 
with electronics R 29;
SLJJ\EDFNGHVLJQ
W6 c/ 207-8
01:10 GPS
63° 43.07’S
50° 49.91’W
2500 m
06.01.2011
R 32 @ 807 m; former position W10
SLJJ\EDFNGHVLJQ
W9b / 245-2
01:10 GPS
69° 03.52’S
17° 23.05’W
4740 m 
27 Dec 2010
:#PLPPHGLDWHUHGHSOR\PHQWRI:D
SLJJ\EDFNGHVLJQDOXPLQXPUHVRQDWRU
no maintenance applied
Bat=+00402dV, Vac=+00069
W10b/ 217-4
00:50 GPS
64° 23.88’S
45° 51.95’W
4416 m
04 Jan 2011
R 27 @ 836m; former W8 with electronics R 28
SLJJ\EDFNGHVLJQDOXPLQXPUHVRQDWRU
W11b / 244-2a
00:50 GPS
69° 00.30’S
06° 58.89’W
2950 m
23 Dec 2010
R 30 @ 801m;  former position W2
SLJJ\EDFNGHVLJQDOXPLQXPUHVRQDWRU
W11b / 244-2b
00:30 GPS
69° 00.30’S
06° 58.89’W
2950 m
23 Dec 2010
Develogic 002 @ 708m; 
SLJJ\EDFNGHVLJQ
WXQHHYHU\GD\VVWDUWLQJDW'HF*36
3UHOLPLQDU\DQGH[SHFWHGUHVXOWV
7KHSURMHFWDLPHGDWWZRGLIIHUHQWJRDOV)LUVWWKHGHSOR\PHQWRI1(02ÁRDWVDQG
the replacement of eight sound sources are part of a detailed investigation of changes 
LQWKHK\GURJUDSKLFVWUXFWXUHRIWKH:HGGHOO6HD6HFRQGWKHGHSOR\PHQWRI$SH[
ÁRDWVLQWRWKH$QWDUFWLF&LUFXPSRODU&XUUHQWZDVDMRLQWFRQWULEXWLRQRIWKH1HWKHUODQGV
DQG*HUPDQ\ WR WKH JOREDO$UJR SURMHFW DQG LQFUHDVHG VLJQLÀFDQWO\ WKH QXPEHU RI
DFWLYHÁRDWVZLWKLQWKLVUHJLRQ
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3.1 Decadal variations of water mass properties in the Atlantic sector (WECCON-HAFOS)
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 $ SURÀOLQJ ÁRDWҋV VHQVH RI LFH -RXUQDO RI
$WPRVSKHULFDQG2FHDQLF7HFKQRORJ\'2,-7(&+
5RVVE\7''RUVRQDQG-)RQWDLQH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7KH5$)266\VWHP-RXUQDORI$WPRVSKHULF
DQG2FHDQLF7HFKQRORJ\
3.1.6 Underway measurements
Thermosalinograph
%HFDXVHEORFNLQJLQÁRZE\LFHRFFXUUHGGXULQJPRVWRIWKHWLPHZKHQPolarstern  was 
RSHUDWLQJLQLFHFRYHUHGDUHDVWZR6%(WKHUPRVDOLQRJUDSKV76*ZHUHLQVWDOOHG
One TSG was placed in the deep box keel. Here the sample was taken from 11 meters 
depth compared to the bow-thrusters tunnel TSG which is in about 5 m depth.
6HQVRUVSHFLÀFDWLRQJLYHQE\WKHPDQXIDFWXUHU
SBE21; Seabird Electronics
www.seabird.com
Temperature
SBE38 remote
Temperature Conductivity
Range WR& WR& 0 to 70 mS/cm
Accuracy & & 0.001 mS/cm
Resolution & & 0.0001 mS/cm
'DWDDFTXLVLWLRQVRIERWK76*ZHUHLQWHJUDWHGLQWKH'6KLSV\VWHPE\:HUXP:DWHU
VDPSOHVZHUHWDNHQRQFHDGD\IURPERWK76*ҋV²ERZDQGNHHOE\FUHZPHPEHUV
7KHVHVDPSOHVZHUHPHDVXUHGZLWKWKH2SWLPDUH3UHFLVLRQ6DOLQRPHWHUDWOHDVWHYHU\
WZRZHHNVWRGHWHUPLQHWKHVDOLQLW\FRUUHFWLRQDQGWRLGHQWLI\SRVVLEOHVHQVRUIDXOWVDV
VRRQDVSRVVLEOH%\WKLVZD\WKH76*LVLQJRRGVHUYLFHGXULQJWKHZKROHFUXLVH
7KHÀQDOSRVWSURFHVVLQJWDNHVSODFHLQ%UHPHUKDYHQE\)LHOD[DQGDIHZZHHNVDIWHU
the cruise TSG data can be downloaded from Pangaea database.
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Fig. 3.1.20: Potential temperature  and salinity from the underway measurements (SBE21 
thermosalinograph; 5 and 11 m depth) along the Greenwich meridian
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Fig. 3.1.21: Potential temperature  and salinity from the underway measurements (SBE21 
thermosalinograph; 5 and 11 m depth) from Kapp Norvegia towards Joinville Island
8QGHUZD\PHDVXUHPHQWVZLWKDYHVVHOPRXQWHGN+]2FHDQ6XUYH\RU$'&3IURP
RD Instruments and two SBE21 thermosalinographs from Seabird Electronics were 
FRQGXFWHGDORQJWKHZKROHWUDFNWRVXSSO\WHPSHUDWXUHVDOLQLW\DQGFXUUHQWGDWDDWD
KLJKVSDWLDOUHVROXWLRQ)LJDQG7KHWKHUPRVDOLQRJUDSKVDUHPRXQWHG
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3.2 Measurement of trace gases (CFCs, SF6; helium isotopes, neon)
LQPGHSWKLQWKHERZWKUXVWHUWXQQHO76%DQGLQPGHSWKLQWKHNHHO76.%RWK
LQVWUXPHQWVZHUHFRQWUROOHGE\WDNLQJZDWHUVDPSOHVHDFKGD\ZKLFKZHUHPHDVXUHG
RQERDUGZLWKWKH237,0$5(3UHFLVLRQ6DOLQRPHWHU2367KHGDWDZHUHFRUUHFWHG
after the cruise according to the samples.
Data
7KHGDWDIURPWKH(QURXWHV\VWHPVZLOOEH WUDQVIHUUHGWR WKH3$1*$($GDWDEDVH
DIWHUÀQDOSRVWSURFHVVLQJRQVKRUH
 0HDVXUHPHQWRIWUDFHJDVHV&)&V6)KHOLXPLVRWRSHVQHRQ
Oliver Huhn, Klaus Bulsiewicz, Philipp Degenhardt
,83,QVWLWXWIU8PZHOWSK\VLN²8QLYHUVLWlW%UHPHQ
Objectives
7KH:HGGHOO6HDLVDNH\DUHDIRUWKHIRUPDWLRQRIGHHSDQGERWWRPZDWHU,WLVKHQFH
DQ LPSRUWDQW FRPSRQHQWRI WKH0HULGLRQDO2YHUWXUQLQJ&LUFXODWLRQDQGD VLJQLÀFDQW
VLQNIRUDWPRVSKHULFJDVHV&OLPDWHUHOHYDQWDQWKURSRJHQLFFDUERQ&
antLVWDNHQXSDWWKHDWPRVSKHULFLQWHUIDFHDQGH[SRUWHGWRGHSWKDQGVWRUHGDZD\IURPWKHDWPRVSKHUH
GXULQJIRUPDWLRQRI:HGGHOO6HD'HHSDQG%RWWRP:DWHU:6'::6%:,QWXUQ
IRUPDWLRQRIWKHVHZDWHUVLVLQÁXHQFHGE\FOLPDWHFKDQJH'HVSLWHWKHLULPSRUWDQFH
IRUPDWLRQUDWHVRI:6':DQG:6%:DQGWKHUHODWHG&
ant inventories in the Atlantic 
Sector of the Southern Ocean are not well known, and estimates of the temporal 
YDULDELOLW\DUHTXLWHXQFHUWDLQ
7KHPDMRUDLPVRIRXU&)&6)KHOLXPLVRWRSHVDQGQHRQPHDVXUHPHQWVDUH
1. to determine formation rates of WSDW and WSBW in the Weddell Basin and 
WRTXDQWLI\ LPSRUWDQGH[SRUW UDWHVRI UHFHQWO\YHQWLODWHGGHHSZDWHUDFURVV WKH
Greenwich meridian;
2. WR FDOFXODWH WKH &
ant LQYHQWRULHV LQ WKH:HGGHOO 6HD HVSHFLDOO\ LQ:6': DQG
WSBW; 
3. WR GLVWLQJXLVK DQG TXDQWLI\ VRXUFH ZDWHU PDVVHV LQYROYHG LQ WKH IRUPDWLRQ RI
WSBW;
4. to determine entrainment rates and upwelling velocities of mid-depth and subsurface 
ZDWHULQWRWKHVXUIDFHOD\HULQWKH:HGGHOOJ\UH
7KHGHHSDQGERWWRPZDWHU IRUPDWLRQ LQ WKH:HGGHOO6HDZLOO EH VWXGLHGE\XVLQJ
FKORURÁXRURFDUERQ&)&LQYHQWRULHV$GGLWLRQDOO\ZHZLOOEHDEOHIRUWKHÀUVWWLPHWR
PHDVXUHVXOSKXUKH[DÁXRULGH6)LQWKH:HGGHOO6HD)URPWKHFRQWLQXDWLRQRIWKH
&)&WLPHVHULHVVLQFHDQGRXUÀUVW6)PHDVXUHPHQWVZHH[SHFWIXUWKHULQVLJKW
LQWKHYDULDELOLW\RIWKHH[SRUWRIGHHSDQGERWWRPZDWHURXWRIWKH:HGGHOOJ\UHDFURVV
WKH*UHHQZLFKPHULGLDQDVZHOODVWKHLPSRUWRIGHHSZDWHUIURPHDVWHUO\VRXUFHVDQG
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DEHWWHUFRQVWUDLQRIWKHUHODWHG&
ant LQYHQWRULHV&RPELQHGK\GURJUDSKLF&)&6)KHOLXP DQG QHRQ GDWDZLOO DOORZ WR GLVWLQJXLVK DQG TXDQWLI\ GLIIHUHQW VRXUFHZDWHU
masses that contribute to deep and bottom water formation. Entrainment rates and 
XSZHOOLQJYHORFLWLHVRIVXEVXUIDFHDQGPLGGHSWKZDWHULQWRWKHVXUIDFHOD\HUZLOOEH
VWXGLHGE\PHDVXULQJKHOLXPLVRWRSHUDWLRVRQDVXIÀFLHQWVSDWLDOUHVROXWLRQ
0HWKRGV
&KORURÁXRURFDUERQV&)&VDUHJDVHRXVDQWKURSRJHQLFWUDFHUVWKDWHQWHUWKHRFHDQ
E\JDVH[FKDQJHZLWKWKHDWPRVSKHUH7KHHYROXWLRQRIWKHVHWUDQVLHQWRUDJHWUDFHUV
LQWKHRFHDQLQWHULRULVGHWHUPLQHGE\WKHLUWHPSRUDOHYROXWLRQLQWKHDWPRVSKHULFDQG
VXEVHTXHQWO\E\DGYHFWLRQDQGPL[LQJSURFHVVHVLQGHHSDQGERWWRPZDWHU6XOSKXU
KH[DÁXRULGH 6) LV DOVR D JDVHRXV DQWKURSRJHQLF WUDQVLHQW WUDFHU DFWLQJ RQ D
VKRUWHU WLPHVFDOH WKDQ WKH&)&VDQGSURYLGLQJ LQGHSHQGHQW LQIRUPDWLRQ GXH WR LWV
VWHHSHU DQG VWLOO LQFUHDVLQJ DWPRVSKHULF HYROXWLRQ7KLV HQDEOHV XV WR LGHQWLI\ YHU\
UHFHQWO\ YHQWLODWHGZDWHUPDVVHVDQG WRGHWHUPLQH WKHLU LQQHURFHDQLF WUDQVLW WLPHV
with a much higher precision. 
7KH WRWDO LQYHQWRULHV RI &)&V DQG 6) DQG WUDQVLHQW WUDFHU EDVHG WUDQVLW WLPH
GLVWULEXWLRQV LQ GHHS DQG ERWWRPZDWHU UHÁHFW WKH DFFXPXODWLRQ RI &)&V DQG 6)
FDUULHGE\LWVVXUIDFHQHDUVRXUFHZDWHUPDVVHV7RJHWKHUZLWKWKHNQRZQDWPRVSKHULF
HYROXWLRQ&)&DQG6)LQYHQWRULHVDQGWKHLUFKDQJHVDOORZHVWLPDWLQJWKHUHQHZDO
RUIRUPDWLRQUDWHVRIUHFHQWO\IRUPHGGHHSDQGERWWRPZDWHU,QWXUQ&)&DQG6)
EDVHGWUDQVLWWLPHGLVWULEXWLRQVFDQEHXVHGWRFDOFXODWH&
ant concentrations in the inner RFHDQHPSOR\LQJWKHZHOONQRZQDWPRVSKHULFS&22KLVWRU\
2XUFRPELQHG&)&DQG6)PHDVXUHPHQWVDVDJHWUDFHUVZLOOLPSURYHWKHHVWLPDWHV
RIGHHSDQGERWWRPZDWHUIRUPDWLRQUDWHVDQGWKHUHODWHGLQYHQWRULHVRI&
antVLJQLÀFDQWO\0HDVXUHPHQWVRI6)LQWKH:HGGHOO6HDZLOOEHFDUULHGRXWIRUWKHÀUVWWLPH
Using stable tracers like helium isotopes and neon, additional to temperature and 
VDOLQLW\DOORZRQH WRFDUU\RXWDQ2SWLPXP0XOWLSDUDPHWHUDQDO\VLV WRHVWLPDWH WKH
contributions of the parent source water masses to the formation of deep and bottom 
water. Herein helium and neon are ideal tracers for glacial melt water, and the 3He/4He
LVRWRSH UDWLR LV D WUDFHU IRU GHHSZDWHU IURP WKH3DFLÀF HQWUDLQHG LQWR WKH:HGGHOO
Sea as Warm Deep Water. Surface water 3He/4He disequilibria observed on previous 
expeditions in the Weddell Sea indicate upwelling or entrainment of subsurface or mid-
GHSWKZDWHU LQWR WKHVXUIDFH OD\HU2XUPHDVXUHPHQWVRIKHOLXP LVRWRSHVYHUWLFDOO\
DQGKRUL]RQWDOO\RQDKLJKHUUHVROXWLRQWKDQSUHYLRXVO\ZLOODOORZXVWRGHWHUPLQHEHWWHU
constrained entrainment rates or even upwelling velocities.
Work at sea
'XULQJWKLVFUXLVHZHXVHGDQDQDO\WLFDOWHFKQLTXHIRUWKHVLPXOWDQHRXVPHDVXUHPHQWV
RIWKHWUDFHJDVHVVXOSKXUKH[DÁXRULGH6)DQGWKHFKORURÁXRURFDUERQ&)&LQ
ZDWHUDQGDLU7KHGHWHUPLQDWLRQRI WKH WZRFRPSRXQGVZDVSHUIRUPHGE\DQDO\VLV
ZLWKJDVFKURPDWRJUDSK\ZLWKHOHFWURQFDSWXUHGHWHFWLRQ
:HDQDO\]HGZDWHUVDPSOHVIURPVWDWLRQVDVSURÀOHVIRU&)&DQG6)
along the Greenwich meridian, the Weddell Section, and on two sub-sections on the 
RMT grid at the western Antarctic Peninsula.
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3.2 Measurement of trace gases (CFCs, SF6; helium isotopes, neon)
Water-samples were collected in 200 ml glass ampoules from 10 l Niskin bottles. 150 
ml of this water are transferred to a water purge chamber.  After purge of the water, the 
FRPSRXQGVDUHWUDSSHGRQDµWUDSSDFNHGZLWK&DUER[HQDQG3RUDSDN4
7KHUPDOGHVRUSWLRQRIWKHVDPSOHJDVHVKHOGLQWKHWUDSDUHÁXVKHGRQWRD3RUDVLO&
DQG06$SUHFROXPQVZKHUH6)DQG&)&DUHVHSDUDWHG IURPQLWURXVR[LGH
DQGDQ\RWKHUODWHHOXWLQJFRPSRXQGV6)DQG&)&DUHUHIRFXVHGWKHQRQDµ
Porapak-Q packed trap, to narrow their chromatographic peaks and enhance their 
detection. After thermal desorption the released gases are separated on a GS Gaspro 
FDSLOODU\FROXPQPP,'[P6)DQG&)&DUHWKHQGHWHFWHGE\$JLOHQW
1PLFUR(&'
%DVHGRQWKHDQDO\VLVRIUHSOLFDWHZDWHUVDPSOHVZHHVWLPDWHSUHFLVLRQVRIIRU
6)DQGIRU&)&2YHUDOODFFXUDF\LQFOXGLQJWKDWRIIWKHFDOLEUDWLRQVFDOHLV
HVWLPDWHGWREHIRU6)DQGIRU&)&B&RQFHQWUDWLRQVRI6)DQG&)&B
in air, seawater samples, and gas standards are reported on SIO 98 scale, and were 
SUHSDUHGDQGFDOLEUDWHGDW&0'/%RXOGHU&RORUDGR
VDPSOHVRQVWDWLRQVZHUHGUDZQIURPWKH&7'URVHWWHIRUVWDEOHKHOLXPLVRWRSHV
(3He, 4+HDQGQHRQDORQJWKH*UHHQZLFKPHULGLDQDQGWKH:HGGHOO6HFWLRQ2QDOO
RIWKHVHVWDWLRQVZHVDPSOHGRQWKHIXOO\DYDLODEOHYHUWLFDOUHVROXWLRQLQWKHXSSHU
meters for estimating upwelling velocities and on some stations on the Weddell section 
IXOOYHUWLFDOSURÀOHVIRUDGGLWLRQDODQDO\VLVRIZDWHUPDVVFRPSRVLWLRQ
The noble gas water samples are stored in gas tight copper tubes. The samples will be 
DQDO\VHGODWHULQWKH,83%UHPHQPDVVVSHFWURPHWU\ODE$IWHUJDVH[WUDFWLRQZLWKXOWUD
YDFXXPDQGOLTXLGQLWURJHQFRROLQJWKHVDPSOHVZLOOEHDQDO\]HGZLWKDVSHFLDOVHFWRU
ÀHOGDQGTXDGUXSROHPDVVVSHFWURPHWHUV\VWHP
3UHOLPLQDU\DQG([SHFWHG5HVXOWV
7KHÀUVWUHVXOWVDQGÀJXUHVIRU&)&DQG6)EHORZDUHVWLOOSUHOLPLQDU\DQGPLJKW
EHVXEMHFWWRIXUWKHUFDOLEUDWHGDQGFDUHIXOTXDOLW\FRQWURO
)URPWKH&)&DQG6)DORQJWKH*UHHQZLFKPHULGLDQ)LJDQG)LJ
VRPH ZDWHU PDVVHV FDQ EH FOHDUO\ LGHQWLÀHG 6XUIDFH ZDWHU LV KLJKHVW LQ WKHVH
anthropogenic trace gases due to the gas exchange with the atmospheric source. In 
WKHQRUWKHUQSDUWROGDQGWUDFHUSRRU&LUFXPSRODU'HHS:DWHUSHQHWUDWHVDOPRVWGRZQ
to the Mid Atlantic Ridge. On the slope of the Mid Atlantic Ridge in 4,500 m depth a 
VLJQDWXUHRI UHFHQWO\YHQWLODWHG:HGGHOO6HD'HHS:DWHUFDQEHVHHQ$OVRRQ WKH
VORSHRI WKH$QWDUFWLF&RQWLQHQW DQGQHDU0DXG5LVH WKH WUDFHU FRQFHQWUDWLRQVDUH
HOHYDWHGLQGLFDWLQJWKHLQÁRZRIUHFHQWO\YHQWLODWHGZDWHULQWRWKH:HGGHOO6HDIURP
DQHDVWHUO\VRXUFH+RZHYHUWKHFHQWUHRIWKLVGHHSERXQGDU\FXUUHQWIURPSUHYLRXV
REVHUYDWLRQVZHH[SHFWWKHFHQWUHDWDURXQGPRQWKHVORSHPLJKWQRW
EH IXOO\ UHVROYHG VLQFHZH KDG WR OHDYH WKH VHFWLRQ HDUOLHU DQGPLVVHG WR VDPSOH
VKDOORZHUSURÀOHV7KHFHQWUHRI WKHHQWLUH VHFWLRQ LVSRRU LQ WUDFHUGXH WR LWV VORZ
renewal from deeper waters.
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Fig. 3.2.1: Preliminary SF6 partial pressure along the Greenwich meridian section
Fig. 3.2.2: Preliminary CFC-12 partial pressure along the Greenwich meridian section
$ORQJWKH:HGGHOO6HDVHFWLRQ)LJDQG)LJLQWKHHDVWHUQSDUWZHFDQ
LGHQWLI\ WKH VDPHGHHSERXQGDU\ FXUUHQW DV LQ WKH VRXWKHUQSDUW RI WKH*UHHQZLFK
meridian section in about 3,500 m depths. However, this signal of elevated tracer 
FRQFHQWUDWLRQVSDUWLFXODUO\LGHQWLÀDEOHLQ6)SHQHWUDWHVIDULQWRWKHEDVLQLQGLFDWLQJ
strong horizontal mixing or branching of that water into the central basin. In the central 
DQG ZHVWHUQ GHHS EDVLQ FRQÀQHG WR WKH ERWWRP ZH VHH KLJKHU FRQFHQWUDWLRQV
indicating ventilated Weddell Sea Bottom Water which might has its origin in the 
VRXWKHUQ:HGGHOO6HD&OHDUO\VHSDUDWHGIURPWKDWDQGPXFKKLJKHULQFRQFHQWUDWLRQV
is the Weddell Sea Bottom Water on the slope of the Antarctic Peninsula. Here, the 
partial pressure reaches up to 25% of surface water partial pressure. This water is the 
PRVWOLNHO\IRUPHGQHDUE\HJDWWKHZHVWHUQ$QWDUFWLF3HQLQVXOD
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3.2 Measurement of trace gases (CFCs, SF6; helium isotopes, neon)
Fig. 3.2 3: Preliminary SF6 partial pressure along the Weddell Sea section
Fig. 3.2.4: Preliminary CFC-12 partial pressure along the Weddell Sea section
These measurements extend our times series of tracer measurements and will allow 
GHWHUPLQLQJGHHSDQGERWWRPZDWHUIRUPDWLRQUDWHVDQGSDWKZD\VRIUHFHQWO\YHQWLODWHG
water masses and a better estimate of transit time distributions to assess the amount 
of anthropogenic carbon in the Atlantic sector of the Southern Ocean. In comparison 
ZLWKSUHYLRXVPHDVXUHPHQWVWKH\ZLOODOORZWRLQYHVWLJDWHWHPSRUDOFKDQJHVLQZDWHU
PDVVGLVWULEXWLRQDQGIRUPDWLRQUDWHV3DUWLFXODUO\WKHFRPSDULVRQRI&)&ZLWKWKH
PRUHUHFHQWO\SUHVHQWDQGVWHHSHULQWKHDWPRVSKHUHLQFUHDVLQJ6)DQGKHQFHLQWKH
ocean interior, will allow assessing the contribution of advection and horizontal mixing 
to the transport in the inner ocean.
7KHKHOLXPDQGQHRQVDPSOHVKDYHWREHDQDO\]HGDIWHUDUULYLQJLQRXUKRPHODE7KH
GDWDZLOOEHPRVWOLNHO\DYDLODEOHZLWKLQVXPPHU)URPWKHVHPHDVXUHPHQWVZLWK
WKHKLJKYHUWLFDOUHVROXWLRQLQWKHVXUIDFHQHDUOD\HUVZHH[SHFWWRGHWHUPLQHHQWUDLQPHQW
UDWHVDQGXSZHOOLQJYHORFLWLHVRIGHHSHUZDWHULQWRWKHVXUIDFHOD\HU,QDGGLWLRQWKHIHZ
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IXOOSURÀOHVIURPWKH:HGGHOO6HFWLRQZLOODOORZXVWRTXDQWLI\FRQWULEXWLRQVRIJODFLDO
PHOWZDWHUWRUHFHQWO\IRUPHG:HGGHOO6HD%RWWRP:DWHU
 5DGLRFDUERQ VDPSOLQJ LQ WKH VRXWKHUQ FLUFXPSRODU FXUUHQW
:HGGHOO6HDDQGZHVWRIWKH$QWDUFWLF3HQLQVXOD
Mario Hoppema15REHUW0.H\2QRWRQERDUG$QQ0F1LFKRO3 (not on 
ERDUG6WHYHQYDQ+HXYHQ4QRWRQERDUG
1
 Alfred-Wegener-Institut
2$WPRVSKHULFDQG2FHDQLF6FLHQFHV3URJUDP3ULQFHWRQ8QLYHUVLW\
3
 Woods Hole Oceanographic Institution.
4&HQWUHIRU,VRWRSH5HVHDUFK8QLYHUVLW\RI*URQLQJHQ
Objectives
Radiocarbon has proven to be a useful chemical tracer for large-scale ventilation 
DQGPL[LQJ1DWXUDOO\RFFXUULQJ UDGLRFDUERQ LVXVHG WRVWXG\PL[LQJDQGYHQWLODWLRQ
SURFHVVHVLQGHHSDQGDE\VVDOZDWHUV5DGLRFDUERQSURGXFHGE\DWPRVSKHULFERPE
tests in the past is used for similar studies in the upper water column. The change in 
ERPEUDGLRFDUERQGLVWULEXWLRQRYHUWKHSDVW\HDUVLVSURYLQJWREHDQH[WUHPHO\
useful diagnostic for global climate change models. An oceanographic section of 
radiocarbon in the Weddell Sea was last collected on Meteor cruise 11/5 in 1990. 
:HH[SHFW WRÀQGGUDPDWLFFKDQJHV LQ WKHGLVWULEXWLRQ1HDUVXUIDFHFRQFHQWUDWLRQV
will have decreased as the bomb transient moves deeper into the water column. 
,QFUHDVHG FRQFHQWUDWLRQV LQ ERWWRP DQG GHHSZDWHUV DUH OLNHO\ 7KRVH HDUOLHU GDWD
VKRZHGHYLGHQFHRIGHHSQRWERWWRPZDWHUIRUPDWLRQDWVRPHORFDWLRQV:HZLOOEH
SDUWLFXODUO\LQWHUHVWHGWRVHHLIWKHVHIHDWXUHVVWLOOH[LVW$GGLWLRQDOO\WKHGDWDIURPWKLV
cruise will be matched up with those collected on the U.S. occupation of the A13.5 line 
along the Greenwich meridian in the north earlier in 2010, to make a complete section 
across the southeastern Atlantic.
Work at sea
Full water column sampling for radiocarbon at 14 stations was done along the 
Greenwich meridian and across the Weddell Sea; stations 35, 50, 61, 66, 77, 81, 91, 
94, 97, 100, 105, 110, 120 and 123. These are deep stations except for the last ones 
near the eastern side of the Antarctic Peninsula, which are supposed to catch the 
VLJQDORIQHZO\IRUPHG:HGGHOO6HD%RWWRP:DWHUDQGVKHOIZDWHU6DPSOHVRIRQH
KDOIOLWHURIZDWHUZHUHWDNHQDQGDSSUR[LPDWHO\WKHVDPHDPRXQWZDVXVHGIRUULQVLQJ
SULRUWRFROOHFWLRQ(DFKVDPSOHZDVSRLVRQHGZLWKORIDVDWXUDWHG+J&O2 solution 
and sealed with grease to prevent contamination. The samples will be returned to 
WKH1DWLRQDO2FHDQ6FLHQFHV$FFHOHUDWRU0DVV6SHFWURPHWU\ 126$06 IDFLOLW\ DW
:RRGV+ROH2FHDQRJUDSKLF,QVWLWXWLRQ86$IRUDQDO\VLV$OOUHVXOWVZLOOEHDYDLODEOH
ZLWKLQRQH\HDUDIWHUWKHVDPSOHVDUHUHWXUQHGDQGWKHÀQDOUHVXOWVZLOOEHPDGHSXEOLF
LPPHGLDWHO\ 5DGLRFDUERQ VDPSOHV ZHUH FROOHFWHG IURP WKH VDPH 5RVHWWH ERWWOHV
VDPSOHGIRU7RWDO&22DQGWRWDODONDOLQLW\DQDO\VLV7KLVLVUHTXLUHGEHFDXVHDONDOLQLW\
is used to separate the bomb 14&VLJQDOIURPWKHQDWXUDOFRPSRQHQW
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West of the Antarctic Peninsula the radiocarbon samples were collected at a number 
of stations furthest offshore, which are part of transects that run across the wide shelf 
LQWRWKHGHHSHUEDVLQ$GGLWLRQDOO\WZRVWDWLRQVLQWKH'UDNH3DVVDJHZHUHVDPSOHG
0RVWO\VPDOOHUVDPSOLQJERWWOHVZHUHXVHG PO WLJKWHQHGE\DVFUHZFDSDQG
SDUDÀOPLQVLGHDQGDURXQGWKHFDS7KRVHVDPSOHVZLOOEHUHWXUQHGWRWKH&HQWUXP
YRRU ,VRWRSHQ 2QGHU]RHN &,2 &HQWUH IRU ,VRWRSH 5HVHDUFK LQ *URQLQJHQ WKH
1HWKHUODQGVIRUODWHUDQDO\VLVRI14&DQG&22V\VWHPYDULDEOHV$WVRPHVWDWLRQV&22V\VWHPYDULDEOHVZHUHPHDVXUHGRQERDUGE\ WKH&22 group of NIOZ/AWI. Also 4 
samples were taken in this area for inter-comparison between both 14&ODERUDWRULHV
3UHOLPLQDU\H[SHFWHGUHVXOWV
2QO\ZDWHUVDPSOLQJIRU IXWXUHDQDO\VLV LQ WKHKRPHODERUDWRULHVKDVEHHQGRQHRQ
ERDUG7KHUHIRUHUHVXOWVZLOORQO\EHFRPHDYDLODEOH
3.4 Oxygen Isotope sampling in the Weddell Sea Bottom Water off the 
$QWDUFWLF3HQLQVXOD
Eberhard Fahrbach1.DULQ+H\ZRRG2QRWRQERDUG2OLYHU+XKQ3
1
 Alfred-Wegener-Institut
28QLYHUVLW\RI(DVW$QJOLD
3,83,QVWLWXWIU8PZHOWSK\VLN²8QLYHUVLWlW%UHPHQ
Objectives
Weddell Sea Bottom Water is formed from high saline shelf water and Ice shelf Water 
ZLWKYDULDEOHFRQWULEXWLRQVIURPGLIIHUHQWUHJLRQV2[\JHQLVRWRSHVKDYHSURYHQWREH
a useful tracer for the contribution of melt water from the ice shelves. To distinguish 
EHWZHHQWKHGLIIHUHQWVRXUFHVLVIDFLOLWDWHGE\WKHFRQFHQWUDWLRQRIR[\JHQLVRWRSHV
Work at sea
Samples were taken at 13 stations on the Weddell Sea section. 
3UHOLPLQDU\H[SHFWHGUHVXOWV
2QO\ZDWHUVDPSOLQJIRU IXWXUHDQDO\VLV LQ WKHKRPHODERUDWRULHVKDVEHHQGRQHRQ
ERDUG7KHUHIRUHUHVXOWVZLOORQO\EHFRPHDYDLODEOH
3.5 Nutrients distribution in the Weddell Sea and adjacent areas
Karel Bakker1, Hein J.W. de Baar2QRWRQERDUG0DULR+RSSHPD3
15R\DO1HWKHUODQGV,QVWLWXWHIRU6HD5HVHDUFK1,2=/DERUDWRU\IRUVHD-
ZDWHUDQDO\VLV
25R\DO1HWKHUODQGV,QVWLWXWHIRU6HD5HVHDUFK
3
 Alfred-Wegener-Institut
Objectives
7KHPDMRUQXWULHQWVSKRVSKDWHQLWUDWHDQGVLOLFDWHDUHQHFHVVDU\IRUSKRWRV\QWKHVLV
,QFRQWUDVWWRPRVWRWKHURFHDQLFUHJLRQVLQWKH6RXWKHUQ2FHDQWKH\DUHJHQHUDOO\
DEXQGDQW LQ WKHVXUIDFH OD\HUEHFDXVHRIDGGLWLRQDO OLPLWLQJ IDFWRUVVXFKDV LURQRU
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GHHSPL[LQJ1XWULHQWFRQFHQWUDWLRQVKDYHEHHQXVHGWRHVWLPDWHWKHQHWFRPPXQLW\
SURGXFWLRQDQGH[SRUWSURGXFWLRQLQWKH:HGGHOO6HD+RSSHPDHWDO7KH
EHKDYLRURIQXWULHQWVUHÁHFWVELRJHRFKHPLFDOSURFHVVHVRQVHDVRQDOWRLQWHUDQQXDO
VFDOHV7KH\DUHDOVRQHFHVVDU\LQFDUERQF\FOHLQYHVWLJDWLRQV8VLQJEDFNFDOFXODWLQJ
WHFKQLTXHVIRUDQWKURSRJHQLFFDUERQWKHELRORJLFDOO\PHGLDWHGFKDQJHVLQWKHFDUERQ
FRQFHQWUDWLRQLVHVWLPDWHGIURPQXWULHQWLQFUHDVHV$VSHFLÀFREMHFWLYHDWFUXLVH$17
;;9,,ZLOOEHWRLQYHVWLJDWHUREXVWO\WKHLQWHUDQQXDOYDULDELOLW\DWWZRWUDQVHFWVDORQJ
the Greenwich meridian and across the Weddell Sea. Data from previous cruises with 
Polarstern along the same transects are available for 1996, 1998, 2005 and 2008 
DVPHDVXUHG E\ WKH VDPH ODERUDWRU\ ZLWK WKH VDPH VWDQGDUGV KDYLQJ EHHQ XVHG
1XWULHQWGDWDPHDVXUHGE\RWKHUODEVFDQDGGLWLRQDOO\EHFRPSDUHGZLWKDOWKRXJKZLWK
restrictions due to different standardization procedures. That this step is not trivial was 
FRQYLQFLQJO\VKRZQE\WKH&$5,1$SURMHFW7DQKXDHWDO1XWULHQWGDWDZLOODOVR
EHXVHGLQFDUERQF\FOHZRUNDWWKLVFUXLVH
Work at sea
Sample water was obtained from the rosette sampler from all depths. All samples 
ZHUHFROOHFWHGLQSRO\SURS\OHQHERWWOHVRIPOGLUHFWO\DIWHUWKHWUDFHJDVHVR[\JHQ
DQG7&22 sampling. In the lab container the nutrient samples were transferred in 5 POSRO\HWK\OHQHYLDOV FRYHUHGZLWKSDUDÀOPDJDLQVWHYDSRUDWLRQDQGSODFHG LQ WKH
VDPSOHUDIWHUULQVLQJWKUHHWLPHV$OODQDO\VHVZHUHGRQHZLWKLQKRXUVRQWKHDXWR
DQDO\]HUSUHIHUDEO\ WKUHHVWDWLRQVDWD WLPH LQRQH UXQ&DOLEUDWLRQVWDQGDUGVZHUH
GLOXWHG IURP VWRFN VROXWLRQV RI WKH GLIIHUHQW QXWULHQWV LQ  P ÀOWHUHG ORZQXWULHQW
VHDZDWHU/16:DQGZHUHIUHVKO\SUHSDUHGHYHU\GD\7KH/16:LVVXUIDFHVHDZDWHU
GHSOHWHGRIPRVWQXWULHQWVLWLVDOVRXVHGDVEDVHOLQHZDWHUIRUWKHDQDO\VLVEHWZHHQ
WKHVDPSOHV(DFKUXQRIWKHV\VWHPKDGDFRUUHODWLRQFRHIÀFLHQWRIDW OHDVW
IRU  FDOLEUDWLRQ SRLQWV EXW W\SLFDO  IRU OLQHDU FKHPLVWU\7KH VDPSOHVZHUH
PHDVXUHG IURP WKH ORZHVW WR WKH KLJKHVW FRQFHQWUDWLRQ LQ RUGHU WR NHHS FDUU\RYHU
effects as small as possible, i.e. from surface to deep waters.
3ULRUWRDQDO\VLVDOOVDPSOHVDQGVWDQGDUGVZHUHEURXJKWWRODEWHPSHUDWXUHRI&
in about two hours; concentrations were recorded in µmol per liter at this temperature. 
'XULQJHYHU\ UXQDGDLO\ IUHVKO\GLOXWHGPL[HGQXWULHQWVWDQGDUGFRQWDLQLQJVLOLFDWH
SKRVSKDWH DQG QLWUDWH D VRFDOOHG QXWULHQW FRFNWDLO ZDV PHDVXUHG LQ WULSOLFDWH
$GGLWLRQDOO\ D QDWXUDO VWHULOL]HG 5HIHUHQFH 0DWHULDO 1XWULHQW 6DPSOH -50 .DQVR
-DSDQFRQWDLQLQJNQRZQFRQFHQWUDWLRQVRIVLOLFDWHSKRVSKDWHQLWUDWHDQGQLWULWH LQ
3DFLÀF2FHDQZDWHUZDVDQDO\]HGLQWULSOLFDWHHYHU\UXQ7KHFRFNWDLODQGWKH-50
ZHUHERWKXVHGWRPRQLWRUWKHSHUIRUPDQFHRIWKHDQDO\]HU)LQDOO\WKH-50ZDVXVHG
WRDGMXVWDOOGDWDWRWKHOHYHORIWKHNQRZQFRQFHQWUDWLRQVRIWKH-50E\PHDQVRID
FRUUHFWLRQIDFWRU7KHÀQDOGDWDVHWLVWKXVUHIHUHQFHGWRWKHVDPH-50YDOXHVZKLFK
PDNHVGDWDLQWHUQDWLRQDOO\FRPSDUDEOHDQGFRQVLVWHQW)URPHYHU\VWDWLRQWKHGHHSHVW
sample bottle was sub-sampled for nutrients in duplicate, the duplicate sample-vials 
ZHUHDOOVWRUHGGDUNDW&DQGPHDVXUHGDJDLQLQWKHQH[WUXQZLWKWKHXSFRPLQJ
stations, this being for statistical purposes.
0RUHWKDQVDPSOHVZHUHDQDO\]HGIRUSKRVSKDWHVLOLFDWHQLWUDWHDQGQLWULWHLQ
WRWDORIZKLFKDW&7'VWDWLRQV6RPHVDPSOHVZHUHDQDO\]HGLQVXSSRUWRI
WKHELRORJLFDOZRUNRI7ULPERUQHWDO$QDO\VHVZHUHW\SLFDOO\SURFHVVHGZLWKLQWKUHH
KRXUVDIWHUVDPSOLQJ7KHUHZHUHDERXWDQDO\VHVSURFHVVHGRQD7HFKQLFRQ
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75$$&6$XWRDQDO\]HU
$VWRWKHFKHPLVWU\RIWKHQXWULHQWGHWHUPLQDWLRQV*UDVVKRIIHWDO
Silicate UHDFWVZLWKDPPRQLXPPRO\EGDWH WRD\HOORZFRPSOH[DIWHU UHGXFWLRQZLWK
DVFRUELFDFLGWKHREWDLQHGEOXHVLOLFDPRO\EGHQXPFRPSOH[LVPHDVXUHGDWQP
2[DOLFDFLGLVDGGHGWRSUHYHQWIRUPDWLRQRIWKHEOXHSKRVSKDWHPRO\EGHQXP
3KRVSKDWH UHDFWVZLWKDPPRQLXPPRO\EGDWHDWS+DQGSRWDVVLXPDQWLPRQ\O
WDUWUDWHLVXVHGDVDQLQKLELWRU7KH\HOORZSKRVSKDWHPRO\EGHQXPFRPSOH[LVUHGXFHG
E\DVFRUELFDFLGDQGPHDVXUHGDWQP
Nitrate plus nitrite (NOxLVPL[HGZLWKDQLPLGD]ROEXIIHUDWS+DQGUHGXFHGE\
DFRSSHUL]HGFDGPLXPFROXPQWRQLWULWH7KHQLWULWHLVGLD]RWDWHGZLWKVXOSKDQ\ODPLGH
DQGQDSKW\OHWK\OHQHGLDPLQHWRDSLQNFRORUHGFRPSOH[DQGPHDVXUHGDWQP
1LWUDWHLVFDOFXODWHGE\VXEWUDFWLQJWKHQLWULWHYDOXHRIWKHQLWULWHFKDQQHOIURPWKH12[
value.
NitriteLVGLD]RWDWHGZLWKVXOSKDQ\ODPLGHDQGQDSKW\OHWK\OHQHGLDPLQHWRDSLQNFRORUHG
complex and measured at 550 nm.
3UHOLPLQDU\H[SHFWHGUHVXOWV
,QWDEOHEHORZWKHVWDWLVWLFVRIDQDO\VLVRIERWWOHVDWRQHGHSWKOHYHOPWDNHQ
DWVWDWLRQ LVVKRZQ6DPSOHVZHUHDQDO\]HG LQRQHUXQ IROORZHGE\UHSOLFDWHV
from one bottle. Overall statistics computed against Japanese Reference Material, 
IROORZHGE\VWDWLVWLFVXVLQJWKHLQKRXVHGLOXWHGFRFNWDLORYHUDOOUXQV
&7' PO4 Si NO3 NO2
UNIT µmol/L µmol/L µmol/L µmol/L
Average 2.325 122.81 33.91 0.010
Stand dev 0.0040 0.1841 0.0539 0.0008
CV % 0.17 0.15 0.16 8.31
&7'
9 replicates in one 
bottle
Average 2.342 123.00 33.85 0.011
Stand dev 0.0051 0.0793 0.0474 0.0011
CV % 0.22 0.06 0.14 10.71
JapanRM
Average 3.090 137.48 43.65 0.03
Stand dev 0.0191 0.344 0.135 0.003
CV % 0.62 0.25 0.31 11.02
&RFNWDLO
Average 2.453 121.83 35.01
Stand dev 0.0146 0.475 0.117
CV % 0.60 0.39 0.34
7KHFRHIÀFLHQWRIYDULDWLRQ&9RI WKHGXSOLFDWHVDPSOHVDOOERWWOHRI URVHWWH LQ
between runs after correction with RMNS during the Weddell Sea transect:
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3KRVSKDWH 0 &9DWDYHUDJHFRQFHQWUDWLRQRI0
Silicate 0 &9DWDYHUDJHFRQFHQWUDWLRQRI0
Nitrate 0 &9DWDYHUDJHFRQFHQWUDWLRQRI0
0RGLÀFDWLRQVGXULQJWKHFUXLVH
During the transect along the Greenwich meridian the peak shape for phosphate and 
VLOLFDWHZDVQRWVDWLVI\LQJ$IWHULPSOHPHQWLQJVHYHUDOFKDQJHVLQWKHÁRZVHWXSWKH
SUHFLVLRQ LPSURYHG E\  IRU ERWK FKDQQHOV )RU SKRVSKDWH DQG VLOLFDWH WKH ÁRZ
speed was reduced thus getting longer reaction times which in turn made it possible 
WR UHGXFH WKH ÁRZ OHQJWK E\ WDNLQJ RXW JODVVZDUH LH UHGXFH WKH DPRXQW RI FRLOV
WKXVUHGXFLQJWKHGLVSHUVLRQRIWKHV\VWHP)RU6LWKHEDFNSUHVVXUHDIWHUWKHSXPSV
ZDVUHGXFHGZKLFKUHVXOWHGLQDVPRRWKHUUXQQLQJÁRZ)RUQLWUDWHDQH[WUDFRLOZDV
SODFHGIRURSWLPDOOLQHDULW\
,QWKHGHHSZDWHUVOHYHOVRIQLWULWHDUHYHU\ORZ0EXWDFDOLEUDWLRQOLQHRI
WR0KDVWREHXVHGEHFDXVHRIWKHKLJKVXUIDFHOD\HUYDOXHV$IWHUWKHFUXLVH
LWZLOOEHSRVVLEOHWRFRUUHFWWKHEDVHOLQHVHWWLQJVIRUHYHU\UXQWRLWVLQLWLDOVHWWLQJDQG
XVHRQO\WKHÀUVWDQGVHFRQGFDOLEUDQWVLQWKHORZUDQJHRI0IRUUHFDOFXODWLRQ
Data Quality
)URPWKHVWDWLVWLFVLWLVFOHDUWKDWDQDO\VLVIURPRQHVLQJOHERWWOHLQUHSOLFDWHVJLYHVWKH
KLJKHVWUHSURGXFLELOLW\$SSUR[LPDWHO\WKHVDPH´ QRLVHµLVREWDLQHGLIWKHVDPSOLQJIURP
URVHWWHERWWOHVDOOFORVHGDWPLVGRQHLQGLIIHUHQWSRO\SURS\OHQHERWWOHV,WFDQ
be concluded that the Niskin bottles are 100% tight. 
Monitoring the Japanese Reference Material and our in-house Lab reference 
FRFNWDLO WKH-50VKRZVVOLJKWO\PRUHFRQVLVWHQWGDWDFRQVLGHULQJ WKHSUHFLVLRQ
&9,WLVVXJJHVWHGWKDWWKURXJKGLOXWLQJWKHLQKRXVHFRFNWDLOE\PHDQVRIDQ
HOHFWURQLFSLSHWWHDQGDFDOLEUDWHGÁDVNDVPDOOHUURURIPD[LPXPLVLQWURGXFHG
All data was normalized to the JRM batch AZ, resulting in a comparable data set. The 
overall statistics for in-between runs is better than 0.01 µM for phosphate, 0.3 µM for 
silicate, and 0.11 µM for nitrate and 0.005 µM for nitrite, this being the average standard 
deviations of 52 differences between duplicates from the rosette bottle 1 measured in 
two different runs.
$IWHUÀQDOL]DWLRQRI WKHGDWDSURFHVVLQJ WKHGDWDZLOOEHVXEPLWWHG WRGDWDFHQWHUV
as has been done with all data of previous cruises with Polarstern. The usual data 
FHQWHU IRU FDUERQ UHVHDUFK LV WKH&DUERQ'LR[LGH ,QIRUPDWLRQ DQG$QDO\VLV &HQWHU
&',$&%RXOGHU86$WRJHWKHUZLWK&&+'26LQFHQXWULHQWGDWDDUHXVHGLQFORVH
FRPELQDWLRQZLWKWKHFDUERQGDWDWKH\ZLOODOVREHVXEPLWWHGWRWKLVGDWDFHQWHU,QWKH
past, data have also been transferred to Pangaea, which shall also be done with the 
FDUERQDQGQXWULHQWGDWDRIFUXLVH$17;;9,,7KH\VKRXOGEHSXEOLFZLWKLQWZR\HDUV
after the end of the cruise.
Section data
$VHFWLRQDFURVVWKH:HGGHOO6HDLVVKRZQIRUSUHOLPLQDU\VLOLFDWHGDWDLQXQLWVPRO
O)LJ7KLVVHFWLRQKDVEHHQVDPSOHGDOVRLQSUHYLRXV\HDUVVWDUWLQJLQ
80
3.5 Nutrients distribution in the Weddell Sea and adjacent area
ZKLFK DOORZV D ULJRURXV FRPSDULVRQ IRU LQYHVWLJDWLQJ LQWHUDQQXDO YDULDELOLW\ 7KH
FRPSDULVRQ LV SDUWLFXODUO\ XVHIXO DV LQ DOO WKRVH \HDUV WKH VDPHVWDQGDUG VROXWLRQV
ZHUHXVHGIRUVHWWLQJWKHDFFXUDF\RIWKHGDWD7KHIHDWXUHVRIWKHVLOLFDWHGLVWULEXWLRQ
LQFOXGH ORZ YDOXHV LQ WKH VXUIDFH OD\HU DV FRPSDUHG WR WKHGHHSZDWHUV KRZHYHU
WKHVXUIDFHOD\HUYDOXHVDUHKLJKFRPSDUHGWRWKRVHLQRWKHURFHDQLFUHJLRQV,QWKH
west Si in the surface is lower due to extensive algal blooms. At about 1,000-1,500 
m a silicate maximum is found all across the basin. This maximum occurs deeper 
than the maximum of phosphate and nitrate. All along the continental slope of the 
$QWDUFWLF3HQLQVXODLQWKHZHVWWKHORZVLOLFDWHVLJQDORIWKHQHZO\IRUPHG:HGGHOO6HD
%RWWRP:DWHULVFOHDUO\GLVWLQJXLVKDEOH,QWKHGHHSHVWSDUWRIWKHEDVLQWKHVLOLFDWH
GLVWULEXWLRQH[KLELWVPDQ\IHDWXUHV6LQFHQHZO\IRUPHGERWWRPZDWHULVFKDUDFWHUL]HG
E\ORZVLOLFDWHYDOXHVDVVKRZQRQWKHFRQWLQHQWDOVORSHLQWKHZHVWDQ\HOHYDWHG
FRQFHQWUDWLRQVSRLQWWRHQULFKPHQWHLWKHUZLWKLQWKHERWWRPOD\HURUIURPWKHVHDÁRRU
The highest silicate values of the entire section are found in the east at the base 
of the continental slope, which makes that a hotspot of enrichment. This is known 
IURPSUHYLRXVRFFXSDWLRQVRIWKHVHFWLRQLQGHHG+RSSHPDHWDO$W:
increased Si values are found as well, which is a downstream remnant of the high-Si 
water from the east being transferred around the basin at the base of the continental 
slope. At 40-44°W a core of bottom water with few Si enrichment is found, which points 
WRD UHODWLYHO\ UHFHQWRULJLQ$WDERXWPGHSWKD6LPLQLPXP LV IRXQGZKLFK
RULJLQDWHG IURP UHPRWH HDVWHUQ VRXUFHV RXWVLGH RI WKH:HGGHOO J\UH DQGZKLFK LV
DOVRGHWHFWHGZLWKD&)&PD[LPXP8QOLNHSUHYLRXVRFFXSDWLRQVRIWKHVHFWLRQWKH
6LPLQLPXPVHHPVWRKDYHVSUHDGDOOWKURXJKWKHEDVLQZKLFKVWURQJO\FRQÀUPVWKDW
WKHYHQWLODWHGZDWHUIRUPHGDWRWKHUSODFHVDURXQG$QWDUFWLFDH[HUWVVWURQJLQÁXHQFH
on the water structure in the Weddell Sea. It also shows the existence of long-term 
circulation changes within the basin.
Fig. 3.4.1 Silicate in µmol/l across the Weddell Sea from Kapp Norvegia (right) to the tip of the 
Antarctic Peninsula (left)
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3.6 Sea-ice observations
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3.6.1 The ice conditions
Sea ice observations were obtained during the cruise from PolarView (Spreen et al., 
2008IRURSHUDWLRQDODQGVFLHQWLÀFXVH6HDLFHZDVHQFRXQWHUHGDORQJWKH*UHHQZLFKPHULGLDQ
in a belt from 59° to 65°S. In the Weddell Sea proper two bands were encountered, 
one from 14° to 23°W and the second from 37° to 42°W )LJV WR7KH
LFHFRQVLVWHGRYHUZKHOPLQJO\RIÁRHÀHOGVZKLFKFRXOGEHHDVLO\FURVVHGDQGGLGQRW
SUHVHQWDQ\SUREOHPIRUWKHSURJUHVVRIWKHFUXLVH'XHWRWKHIDVWVHDVRQDOSURJUHVV
the ice cover shrunk fast. The large scale pattern were to some extend unexpected: 
on the Greenwich meridian, a closer ice cover was encountered in the northern part of 
WKH:HGGHOOJ\UHWKDQLQWKHVRXWKHUQSDUWDQGLQWKH:HGGHOO6HDWKHLFHFRYHUZDV
stronger in the east than in the west.
Fig. 3.6.1: Sea ice concentration the Weddell Sea at 30 November 2010 from Polar View (Spreen et 
al., 2008)
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Fig. 3.6.2: Sea ice concentration the Weddell Sea at 14 December 2010 from Polar View (Spreen et 
al., 2008)
Fig. 3.6.3: Sea ice concentration the Weddell Sea at 31 December 2010 from Polar View (Spreen et 
al., 2008)
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Fig. 3.6.4: Sea ice concentration the Weddell Sea at 15 January 2011 from Polar View (Spreen et al., 
2008)
References
6SUHHQ*/.DOHVFKNHDQG*+H\JVWHU6HDLFHUHPRWHVHQVLQJXVLQJ$065(
*+]FKDQQHOV-*HRSK\V5HVGRL-&
 $63H&W3URJUDP
Objectives
The sea-ice observations made on this cruise contribute to the Antarctic Sea Ice 
3URFHVVHVDQG&OLPDWH3URJUDP$63H&WZZZDVSHFWDT$63H&WZDVHVWDEOLVKHG
LQDQGLVDQRQJRLQJV\VWHPRITXDQWLÀHGVKLSERDUGREVHUYDWLRQVWKDWSURYLGH
DVWDWLVWLFDOGHVFULSWLRQRIEDVLFSK\VLFDOSURSHUWLHVRI WKH$QWDUFWLFVHD LFH WKDWDUH
important for the interaction of the ocean with the other components of the climate 
V\VWHP7KH$63H&W GDWDVHW LV WKH RQO\ GDWDVHW DYDLODEOH IRU WKH6RXWKHUQ2FHDQ
which includes data from all regions of the Antarctic pack ice throughout the different 
VHDVRQV&XUUHQWO\LWFRPSULVHVREVHUYDWLRQVIURPORFDWLRQVLFHVWDWLRQV
transects, 99 ice cores and 18 snow pits. 
7KH$63H&W3URJUDPDLPVWRHVWDEOLVKDEHWWHUNQRZOHGJHRIWKHGLVWULEXWLRQDQGEDVLF
SURSHUWLHVRIWKH$QWDUFWLFVHDLFHLQFOXGLQJLFHDQGVQRZFRYHUWKLFNQHVVÁRHVL]HV
lead distribution and the structural, chemical and thermal properties of snow and ice. 
7KLVGDWDLVUHTXLUHGLQRUGHUWRGHWHUPLQHWKHFRQWUROOLQJIDFWRUVRQNH\SURFHVVHVVXFK
DVIRUPDWLRQPRGLÀFDWLRQWUDQVSRUWDQGGHFD\RIVHDLFHDQGWKHHIIHFWRQWKHZKROH
FOLPDWHV\VWHP LQFOXGLQJ WKHELRVSKHUH7KHGDWD LVXVHGDV IRUFLQJDQGHYDOXDWLRQ
ÀHOGVIRUFOLPDWHPRGHOV
84
3.6 Sea-ice observations
Work at sea
7KH$63H&W3URJUDPFRPSULVHVDSURWRFROIRUVHDLFHREVHUYDWLRQVPDGHRQERDUG
ships in the Antarctic pack ice which has become an international standard. According 
WRWKLVSURWRFROWKHVHDLFHREVHUYDWLRQVZHUHSHUIRUPHGKRXUO\RQO\XQGHUGD\OLJKW
conditions and while the ship was steaming such that there are observations in about 
QPGLVWDQFHDORQJWKHVKLSVWUDFN7KH\ZHUHPDGHZLWKWKHEDUHH\HIURPWKHVKLSV
bridge, with an observational radius of one kilometer.
Within this radius, a set of properties describing the ice conditions at the respective 
ORFDWLRQZDVREVHUYHGE\WKH&7'ZDWFKDQGZULWWHQLQWRDVWDQGDUGREVHUYDWLRQIRUP
SURYLGHGE\WKH$63H&WSURJUDP7KHVHSURSHUWLHVLQFOXGHWRWDOLFHFRQFHQWUDWLRQWKH
WKUHHPDMRULFHW\SHVDQGWKHLUWKLFNQHVVHVDVZHOODVVQRZFRYHUDQGWKHVQRZDQG
LFHPRUSKRORJ\0HWHRURORJLFDOFRQGLWLRQVOLNHZLQGVSHHGDQGZLQGGLUHFWLRQDLUDQG
ZDWHUWHPSHUDWXUHDVZHOODVYLVLELOLW\DQGFORXGFRYHUZHUHDOVRUHFRUGHG
,QWRWDOREVHUYDWLRQVZHUHFDUULHGRXWIURP'HFHPEHUWR-DQXDU\
The ice was structured in a series of bands reaching from southwest to northeast. 
7KHÀUVWRQHRQWKH*UHHQZLFK0HULGLDQZDVHQFRXQWHUHGIURP'HFHPEHUWR
'HFHPEHU$W-DQXDU\ZHOHIWWKHLFHDW°W in the Weddell Sea.
3UHOLPLQDU\DQGH[SHFWHGUHVXOWV
7KHFROOHFWHGGDWDZLOOEHLQFOXGHGLQWKHFHQWUDOGDWDDUFKLYHDWWKH$QWDUFWLF&RRSHUDWLYH
5HVHDUFK&HQWUHORFDWHGLQ+REDUW7DVPDQLD$XVWUDOLD7KHUHLWZLOOEHDQDO\]HGVR
WKDWGLVWULEXWLRQVRIWKHREVHUYHGVHDLFHSURSHUWLHVFDQEHPDSSHGLQDZD\WKDWLV
FRPSDUDEOHWRWKHRXWSXWRIQXPHULFDOPRGHOVDOORZLQJIRUWKH$63H&WGDWDWREHXVHG
in comparison with model predictions. 
3.6.4  Ice Core Drilling
Objectives
6HD LFH LVDOZD\VDPL[WXUHRI VROLG IUHVKZDWHU LFH OLTXLG VDOW\EULQHDQGVRPHDLU
EXEEOHV7KHUHODWLYHUDWLRRIWKHVHWKUHHSKDVHVGHWHUPLQHVWKHSK\VLFDOSURSHUWLHVRI
the sea ice, and without their proper knowledge, realistic modeling of sea ice in large 
scale models is impossible. The ice cores that we collected are meant to improve 
our knowledge of the properties of Antarctic sea ice and to hence guide improved 
PRGHOLQJ,QWKHVHFRUHVZHPHDVXUHGSURÀOHVRIVHDLFHWHPSHUDWXUHDQGVDOLQLW\DV
ZHOODVGHQVLW\DQGDLUFRQWHQW,QSDUWLFXODUWKHODWWHUSDUDPHWHUVDUHODUJHO\XQNQRZQ
for Antarctic sea ice and would be of great importance for improved modeling of sea-
LFHWKHUPRG\QDPLFV
Work at sea
We have collected sea-ice samples in the Weddell Sea and performed some standard 
PHDVXUHPHQWV WHPSHUDWXUH DQG VDOLQLW\ SURÀOHV RQ WKHP DV ZHOO DV D IHDVLELOLW\
VWXG\FRQFHUQLQJWKHPHDVXUHPHQWRIWKHDLUFRQWHQWZLWKLQWKHLFHXQGHUҊҋÀHOGZRUN
conditions’’ on a ship.
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Since ANT-XXVII/2 was a summer cruise the ice cover in the Weddell Sea was much 
reduced compared to winter conditions. To the west of the Antarctic Peninsula, sea 
LFHZDVIXOO\DEVHQWDQGWKHUHZHUHQRWPDQ\RSSRUWXQLWLHV WR WDNHVXLWDEOHVHDLFH
samples. Nonetheless, we were able to collect 13 ice cores in total from 5 different 
sites during the cruise.
$VWDEOHVKRZVWKHVDPSOHVZHUHWDNHQIURPÁRHVPRVWO\FORVHWRWKHVKLSWKDW
FRXOGEHUHDFKHGYLDDVKRUWÁLJKWZLWKWKHKHOLFRSWHU:KLOHWKHKHOLFRSWHUWKHQZDLWHG
within visual range on the ship, the sampling was done with the help of Fabian Gall 
DQG0DWWKLDV0RQVHHVRU0DUNXV+HFNPDQQ*LYHQ VXLWDEOH LFHÁRH FRQGLWLRQVXS
to three cores were drilled with a manual ice core drill that was equipped with a fuel-
powered motor. At each drilling site, air temperature 50 cm above the snow surface, 
VQRZWKLFNQHVVDQGDVQRZWHPSHUDWXUHSURÀOHZHUHUHFRUGHG7KHLFHWHPSHUDWXUHRI
WKHFRUHVZDVLPPHGLDWHO\PHDVXUHGHYHU\ÀYHFHQWLPHWHUVWRREWDLQDSURÀOH
7KHFRUHVZHUHVDZHG LQWRGLVNVRIÀYHFHQWLPHWHUV WKLFNQHVVDQG WKHVDOLQLW\ZDV
measured for each disk back on the ship.
7DEOH&RULQJSRVLWLRQVDQGÁRHSURSHUWLHV
3UHOLPLQDU\DQGH[SHFWHGUHVXOWV
One of the main tasks of our ice-core sampling program was to develop and test 
VHYHUDOPHWKRGVWRPHDVXUHWKHYROXPHRIWKHDLUEXEEOHVHQFORVHGLQWKHLFHERG\
These methods are based on different principles: direct measurement of the air bubble 
YROXPHUHSODFHPHQWDQGEXR\DQF\
)RU WKHPHWKRGV EDVHG RQ WKH EXR\DQF\PHDVXUHPHQWV WKH LFH LV WR EH HQFORVHG
in a vacuum-sealed bag, which is then hung under water with an additional weight. 
$IWHUFDUHIXOO\UHPRYLQJWKHDLUIURPWKHEDJZLWKWKHPHOWHGLFHLQDVHFRQGVWHSWKH
GLIIHUHQFHLQEXR\DQF\ZLOOLQGLFDWHWKHYROXPHRIWKHDLU+RZHYHUWKLVPHWKRGRQO\
ZRUNVLQFDOPVHDDQGZDVFOHDUO\QRWXVDEOHZLWKVZHOOLQWKHRSHQVHD
The method based on replacement works as follows: A disc of ice in a vacuum-sealed 
EDJLVSXWLQDFRQWDLQHUZLWKDVFDOHDWWDFKHGWRWKHOLG$IWHUÀOOLQJWKLVFRQWDLQHUZLWK
water to the top of the scale the ice can melt inside the bag, which will lead to a drop 
RIWKHZDWHUOHYHOGXHWRGHQVLW\FKDQJHGXULQJWKHSKDVHWUDQVLWLRQIURPLFHWRZDWHU
7KHQWKHEDJFDQEHRSHQHGE\PHDQVRIDORQJQHHGOHLQWURGXFHGLQWRWKHFRQWDLQHU
through the scale, releasing the air and leading to a further drop in water level allowing 
to read the volume of the released air. 
7RDSSO\WKLVPHWKRGSURSHUO\DFRQWDLQHULVQHHGHGZKLFKÀUVWO\KDVDZLGHRSHQLQJ
IRU SODFLQJ WKH LFH LQVLGHDQG VHFRQGO\ FDQEH FORVHG WLJKWO\ HQRXJK VXFK WKDW WKH
atmospheric pressure does not push the water out the seal of the lid once it has been 
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ÀOOHGXSWRWKHOHYHORIWKHVFDOH
7ZRW\SHVRIGLUHFWPHDVXUHPHQWVKDYHEHHQSHUIRUPHGRQWKHFUXLVHXQGHUGLIIHUHQW
weather and sea conditions.
)RUWKHÀUVWPHWKRGDGLVFRILFHLVHQFORVHGLQDYDFXXPVHDOHGEDJ:KLOHPHOWLQJ
the air is released from within the ice and forms a distinct air bubble which can be 
H[WUDFWHGIURPWKHEDJE\PHDQVRIDV\ULQJH,QRUGHUWRDYRLGDLUEHLQJORVWWKURXJK
the small hole from the needle, it is put through rubber. After reading off the volume of 
WKHDLUFRQWHQWIURPWKHVFDOHRIWKHV\ULQJHWKHFRQGXFWLYLW\DQGWHPSHUDWXUHFDQEH
PHDVXUHGIRUWKHUHPDLQLQJPHOWHGLFHLQRUGHUWRGHWHUPLQHWKHVDOLQLW\
For the second method, the disc of ice is placed in a water bath under a funnel with 
an attached scale. Once the whole scale is under water it is closed, such that the air 
released from the ice while melting can rise into the scale where its volume can then be 
GHWHUPLQHG7KHVDOLQLW\RIWKHPHOWHGLFHFDQEHGHWHUPLQHGE\PHDQVRIFRQGXFWLYLW\
measurements of the bath before and after melting the ice disc inside.
$IWHUDWHVWLQJSKDVHWKHODWWHUWZRPHWKRGVZHUHVHOHFWHGWREHDSSOLHGRQJHQHUDOO\
two out of the three cores from each drilling site, while the third core was preserved 
XQGHUYDFXXPLQD&HQYLURQPHQWIRUODWHUDQDO\VLVRIWKHDLUEXEEOHFRQWHQWZLWK
established but complex methods that are not suitable for on-ship work. The results 
ZHUHDQDO\]HGSUHOLPLQDULO\IRUV\VWHPDWLFHUURUVRIWKHUHVSHFWLYHPHWKRGV$WKRURXJK
DQDO\VLVLQFOXGLQJDFRPSDULVRQWRWKHPHDVXUHPHQWVRQWKHWKLUGLFHFRUHDUHSODQQHG
to be performed after the cruise.
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4.1 Repeat sections of total carbon dioxide and total alkalinity across 
the southern Antarctic Circumpolar Current and Weddell gyre
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Objectives
7KH OHYHORIDWPRVSKHULFFDUERQGLR[LGH &22KDVEHHQFRQWLQXRXVO\ ULVLQJGXH WRDQWKURSRJHQLFFDXVHV7KH&22 content of the oceans is following this rise, although LWLVVWLOOQRWFRPSOHWHO\NQRZQWRZKDWH[WHQWDQGKRZWKHULVHLVUHJLRQDOO\GLVWULEXWHG
,Q WKH6RXWKHUQ2FHDQDQGSDUWLFXODUO\ LQ WKH:HGGHOO6HDYHQWLODWLRQRI WKHGHHS
RFHDQ WDNHV SODFH ZLWK FRQFRPLWDQW XSWDNH RI DQWKURSRJHQLF &22. Deep water XSZHOOLQJ LQWR WKH VXUIDFH OD\HUZKLFK RFFXUV EHIRUH WKHZDWHUPDVVHV SDUWLFLSDWH
LQ YHQWLODWLRQ SURFHVVHV OHDGV WR DGGLWLRQDO H[FKDQJHV RI KHDW DQG &22 with the DWPRVSKHUH(VWLPDWHVRIQHWRFHDQLF&22 uptake south of 50°S for are as low as 3J&SHU\HDU7DNDKDVKLHWDOEXWLWVKRXOGEHUHDOL]HGWKDWWKHXSWDNHRI
DQWKURSRJHQLF&22LVPXFKODUJHUWKDQWKLV7KLVLVEHFDXVHQDWXUDO&22 loss from the 6RXWKHUQ2FHDQ LVFRXQWHUDFWLQJWKHXSWDNHRIDQWKURSRJHQLF&22. While the rising DWPRVSKHULF&22 OHYHO LVZHOONQRZQ LW LVPXFKKDUGHU WRPRQLWRU WKHRFHDQLF&22LQFUHDVHGXHWRWKHODUJHEDFNJURXQGOHYHORI&22 in the oceans and the high natural YDULDWLRQ2XURYHUDOOREMHFWLYHLVWRWUDFHDQWKURSRJHQLF&22 in the deep and surface ZDWHUVRIWKH$QWDUFWLF2FHDQDQGWRLQYHVWLJDWHZKLFKIDFWRUVH[HUWLQÁXHQFHRQWKH
&22 GLVWULEXWLRQ 6XEVWDQWLDO SURJUHVV LQ WKHVH LVVXHV FDQ RQO\ EHPDGHZLWK GDWD
time series, in particular as regular repeat sections. Data from this cruise will extend 
WKHORQJHVWFRPELQHGRFHDQLFWLPHVHULHVRI&22DQGWUDQVLHQWWUDFHUVK\GURJUDSK\QXWULHQWVDQGR[\JHQRQWKH*UHHQZLFKPHULGLDQZKLFKVWDUWHGLQ$OVRWKHVHFWLRQ
across the Weddell Sea from Kapp Norvegia in the east to the tip of the Antarctic 
3HQLQVXODKDVEHHQRFFXSLHGVLQFHWKHHDUO\V7KHUHJLRQLVDOVRLPSRUWDQWIURP
a biogeochemical point of view; our data will explore this further in combination with 
data from previous cruises on board Polarstern and data from the recent British project 
$1'5(;$1WDUFWLF'HHSZDWHU5DWHVRI(;SRUW
6SHFLÀFREMHFWLYHVLQFOXGHWKHIROORZLQJ
- 4XDQWLÀFDWLRQRIWKHFDUERQEXGJHWRIWKH:HGGHOO*\UH
- 5HSHDWVHFWLRQVIRUWRWDO&227&22DQGWRWDODONDOLQLW\7$DQGDQFLOODU\YDULDEOHVZLOOEHXVHGIRUHVWLPDWLQJWHPSRUDOFKDQJHVLQWKHFDUERQF\FOHLQFOXGLQJRFHDQ
DFLGLÀFDWLRQ
- &RPSDULVRQZLWKHDUOLHUFDUERQGDWDDQGGHWHUPLQDWLRQRILQWHUDQQXDOYDULDELOLW\
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4.1 Repeat sections of total carbon dioxide and total alkalinity acr. the south. ACC and Weddell gyre
Work at sea
:HKDYHGHWHUPLQHG7&22',&DQG7RWDO$ONDOLQLW\LQGLVFUHWHZDWHUVDPSOHVWDNHQ
from the rosette sampler from all depths. A total of 110 stations were sampled with 2,270 
DQDO\VHV7KHZKROHVHFWLRQDORQJWKH*UHHQZLFKPHULGLDQZDVVDPSOHGDQGDOVRWKH
section across the Weddell Sea. The additional deviating stations near Joinville Island 
IRU LQYHVWLJDWLQJ D SRVVLEOH GLIIHUHQW URXWH RI ERWWRPZDWHU H[SRUWZHUH RQO\ SDUWO\
VDPSOHG:HVWRIWKH$QWDUFWLF3HQLQVXODWKH7&22DQGDONDOLQLW\RIWKUHHRXWRIWHQ
inshore to offshore transects was determined.
0HDVXUHPHQWVRI WKHZDWHUZHUHFDUULHGRXW LPPHGLDWHO\DIWHUVDPSOLQJ*HQHUDOO\
this means that the samples did not have to be stored for longer than 12 hours. In 
D YHU\ IHZ FDVHV WKH WLPH EHIRUHPHDVXULQJ ZDV VRPHZKDW ORQJHU DQG WKHQ WKH
VDPSOHVZHUHVWRUHG LQWKHGDUN7&22 is the sum of all dissolved inorganic carbon VSHFLHVDQGLVGHWHUPLQHGE\DSUHFLVHFRXORPHWULFPHWKRG7KHDFFXUDF\LVVHWE\
LQWHUQDWLRQDOO\ UHFRJQL]HGDQGZLGHO\XVHGFHUWLÀHG UHIHUHQFHPDWHULDO &50V)RU
HYHU\FRXORPHWULFFHOOWKDWZDVXVHGLQWKHFRXORPHWHUWZR&50VZHUHPHDVXUHGDW
WKHEHJLQQLQJDQGWKHHQGRIWKHDQDO\VHV7KHDONDOLQLW\PHDVXUHPHQWVZHUHPDGHE\
SRWHQWLRPHWULFWLWUDWLRQZLWKDVWURQJDFLG+&ODVDWLWUDQW7KHDFLGFRQVXPSWLRQXS
WRWKHVHFRQGHQGSRLQWLVHTXLYDOHQWWRWKHWLWUDWLRQDONDOLQLW\7KHV\VWHPXVHVDKLJKO\
precise Metrohm Titrino for adding acid, a pH electrode and a reference electrode. Both 
7&22DQGDONDOLQLW\DUHPHDVXUHG WRJHWKHUZLWKD9,1'7$ LQVWUXPHQW 0$5,$1'$.LHOZKLFKFRPELQHVWKHWZRPHDVXUHPHQWV7KLVVHWXSRI9,1'7$VKDVDOVREHHQ
used during the previous realization of the transects during ANT-XXIV/3 in 2008. In 
DGGLWLRQWRWKH&50VVRPHVDPSOHERWWOHVZHUHPHDVXUHGRQERWK9,1'7$VWRFKHFN
WKHLQWHUQDOFRQVLVWHQF\RIWKHGDWD7KHPHDVXUHPHQWWHPSHUDWXUHIRUERWK7&22 and WRWDODONDOLQLW\ZDV&
7KH7&22DQGDONDOLQLW\GDWDZLOOEHODUJHO\SURFHVVHGDIWHUWKHFUXLVH7KHÀQDOGDWD
will be submitted to data centers, as has been done with all data of previous cruises 
with Polarstern 7KH XVXDO GDWD FHQWHU IRU FDUERQ UHVHDUFK LV WKH &DUERQ 'LR[LGH
,QIRUPDWLRQDQG$QDO\VLV&HQWHU&',$&%RXOGHU86$WRJHWKHUZLWK&&+'2,Q
the past, data have also been transferred to Pangaea, which shall also be done with 
WKHFDUERQDQGQXWULHQWGDWDRIFUXLVH$17;;9,,7KH\VKRXOGEHSXEOLFZLWKLQWZR
\HDUVDIWHUWKHHQGRIWKHFUXLVH
3UHOLPLQDU\H[SHFWHGUHVXOWV
$OODQDO\VHVZHUHÀQLVKHGEXWWKHSURFHVVLQJRIWKHGDWDLVVWLOOJRLQJRQ$WVWDWLRQDOO
ERWWOHVZHUHÀUHGDWWKHVDPHGHSWK7KHSUHOLPLQDU\DONDOLQLW\GDWDRIWKLVVWDWLRQVKRZ
WKDWZHPHDVXUHZLWKDSUHFLVLRQRIDERXWPRONJZKLFKLVYHU\VDWLVI\LQJLQGHHG
$OOWKURXJKWKH:HGGHOO6HDWKHYHUWLFDOSURÀOHVRIDONDOLQLW\DQG7&22 showed a high FRQVLVWHQF\$VDONDOLQLW\LVWKRXJKWWREHFRQVHUYDWLYHWKHJUDGLHQWZLWKLQWKHGHHS
ZDWHUFROXPQZDVH[SHFWHGWREHYHU\ORZ7KLVFRXOGEHFRQÀUPHG6WLOOVRPHVOLJKW
signals deviating from this trend could be distinguished, which appeared to correlate 
ZLWKVPDOOVLOLFDWHVLJQDOV7KLVDJDLQFRQÀUPHGWKHKLJKSUHFLVLRQDFKLHYHG$OVRWKH
QHZO\IRUPHG:HGGHOO6HD%RWWRP:DWHUDWWKHFRQWLQHQWDOVORSHQHDUWKH$QWDUFWLF
3HQLQVXODFRXOGEHGLVFHUQHGIURPWKHDONDOLQLW\EXWDOVR7&22GHWHUPLQDWLRQVDVDPLQLPXPWRZDUGVWKHERWWRP7KLVFDQEHH[SHFWHGVLQFHWKHDONDOLQLW\DQG7&22 are ORZHULQWKHVXUIDFHOD\HUWKHVLJQDORIZKLFKLVWUDQVIHUUHGLQWRWKHERWWRPZDWHUWKDW
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KDVDVXUIDFHZDWHUFRPSRQHQW:LWKLQWKHVXUIDFHWKHUHZDVKLJKYDULDELOLW\DFURVV
WKHUHJLRQERWKLQ7&22DQGDONDOLQLW\7KHORZHVWYDOXHVZHUHJHQHUDOO\PHDVXUHGLQ
the western Weddell Sea. 
 ,QYHVWLJDWLRQ RI EURPLQDWHG DQG RUJDQRSKRVSKRUXV ÁDPH
UHWDUGDQWVDQGPRQLWRULQJRIOHJDF\323VLQ$QWDUFWLFD
1Axel Möller, 1Hendrik Wolschke, 1=KL\RQJ;LHQRWRQERDUG1Hans Her-
EHUW.RFNQRWRQERDUG2-DVPLQ6FKXVWHUQRWRQERDUG
1Helmholtz-Zentrum Geesthacht
2/DQFDVWHU8QLYHUVLW\
Objectives
3HUVLVWHQW RUJDQLF SROOXWDQWV 323V DUH SHUVLVWHQW ELRDFFXPXODWLYH DQG WR[LF
FKHPLFDOVZKLFKDGGLWLRQDOO\FDQXQGHUJR ORQJUDQJHDWPRVSKHULF WUDQVSRUW /5$7
FDXVHGE\WKHLUK\GURSKRELFDQGVHPLYRODWLOHSURSHUWLHV7KHDWPRVSKHUHLVNQRZQ
WR EH WKHPRVW LPSRUWDQW DQG UDSLG WUDQVSRUW SDWKZD\ IRU VHPLYRODWLOH 323V IURP
source regions to remote regions such as Antarctica. During atmospheric transport, 
POPs are subject to exchange mechanism with the sea surface water including air-
ZDWHUJDVH[FKDQJHGHSRVLWLRQDQGYRODWLOL]DWLRQSDUWLFOHERXQGGU\GHSRVLWLRQDV
ZHOODVZHWGHSRVLWLRQUDLQDQGVQRZ2QFHGHSRVLWHGLQWRWKHRFHDQWKH\FDQEH
IXUWKHU WUDQVSRUWHGYLDRFHDQFXUUHQWVDFFXPXODWHGE\RUJDQLVPVRU WUDQVSRUWHG WR
GHHSZDWHUPDVVHVZKLFKPLJKWDFWDVÀQDOVLQNV%HVLGHVWKH OHJDF\323VHJ
SRO\FKORULQDWHG ELSKHQ\OV 3&%V SRO\FKORULQDWHG GLEHQ]RGLR[LQVIXUDQV 3&''
)VDQGRUJDQRFKORULQHSHVWLFLGHV2&3VZKLFKDUHRIÀFLDOO\OLVWHGDV323VLQWKH
6WRFNKROP&RQYHQWLRQWKHUHDUHVHYHUDOHPHUJLQJSROOXWDQWVZKRVHRFFXUUHQFHDQG
EHKDYLRXU LQ WKHPDULQH HQYLURQPHQW LV QRW ZHOO VWXGLHG VXFK DV EURPLQDWHG DQG
RUJDQRSKRVSKRUXVÁDPH UHWDUGDQWV %)5VDQG23)5VDQGFXUUHQWXVHSHVWLFLGHV
&83VZKLFKDUHWKHPDLQ323FODVVHVRILQWHUHVWZLWKLQWKLVSURMHFW
%)5V LQ SDUWLFXODWH SRO\EURPLQDWHG GLSKHQ\O HWKHUV 3%'(V KDYH EHHQ XVHG IRU
VHYHUDOGHFDGHVLQLQGXVWULDODQGFRQVXPHUSURGXFWVWRUHGXFHWKHLQÁDPPDELOLW\RI
various industrial and consumer products. Since the technical Penta- and OctaBDEs 
ZHUHEDQQHGE\WKH6WRFNKROP&RQYHQWLRQ WKHUH LV LQFUHDVLQJGHPDQGSURGXFWLRQ
and, therefore, emission into the environment of non-regulated non-PBDE BFRs such 
DV KH[DEURPREHQ]HQH +%% ELVWULEURPRSKHQR[\HWKDQH %7%3( DQG
WKHKLJKO\FKORULQDWHGÁDPHUHWDUGDQW'HFKORUDQH3OXV'3
%HVLGHV%)5VKDORJHQDWHGDQGQRQKDORJHQDWHG23)5VVXFKDVWULVFKORURHWK\O
SKRVSKDWH7&(3DQGWULSKHQ\OSKRVSKDWH73K3DUHWKHVHFRQGLPSRUWDQWJURXS
RIRUJDQLFÁDPHUHWDUGDQWVZKLFKDUHDOVRZLGHO\XVHGDVSODVWLFL]HUVDQGK\GUDXOLF
ÁXLGV ,QWKHVWKH\KDYHEHHQTXDOLWDWLYHO\IRXQGLQDLURI WKH$QWDUFWLFDZKLOH
concentration levels and distribution in the marine environment are lacking.
$PRQJWKHOHJDF\323VRILQWHUHVWIRUWKLVSURMHFWDUH3&%V7KHLUSURGXFWLRQSHDNHG
LQWKHV)LUVWUHVWULFWLRQVDQGEDQVZHUHHVWDEOLVKHGE\LQGLYLGXDOFRXQWULHVLQWKH
VDQGWKHIROORZLQJGHFDGHVXQWLO3&%VZHUHJOREDOO\EDQQHGLQ,WZDVXVHG
LQFORVHGV\VWHPVHJDVDFRROLQJDJHQWLQWUDQVIRUPHUVDVZHOODVLQRSHQV\VWHPV
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,QYHVWLJRIEURPLQDWHGDQGRUJDQRSKRVSKRUXVÁDPHUHWDUGDQWVDQGPRQLWRULQJRIOHJDF\323V
OLNHSDLQWVDQGJOXHV3&%VZHUHSURGXFHGDVDPL[WXUHRIGLIIHUHQWFRQJHQHUVZLWKD
YDU\LQJJUDGHRIFKORULQDWLRQ&XUUHQWVRXUFHVIRU3&%VDUHGXPSVDQGROGV\VWHPV
$OVRSDUWRIWKHPRQLWRUHG323VDUH2&3VOLNH''7DQGLWVGHJUDGDWLRQSURGXFWV''(
DQG'''DVZHOODVWKHFKORUGDQHOLQGDQHDQGKH[DFKORUREHQ]HQH+&%
7KLVVWXG\LVIRFXVHGRQWKHHQYLURQPHQWDORFFXUUHQFHGLVWULEXWLRQIDWHDQGWUDQVSRUW
PHFKDQLVPRIVHYHUDOGLIIHUHQW323VDORQJWKHFUXLVHOHJRI$17;;9,,%\WDNLQJ
VLPXOWDQHRXVO\DLUDQGZDWHUVDPSOHVZHZLOOEHDEOHWR LGHQWLI\WKHGLUHFWLRQRI WKH
DLUVHDZDWHUJDVH[FKDQJHDQGWRFDOFXODWHGGHSRVLWLRQÁX[HVIURPWKHDWPRVSKHUH
derived from source regions emitting POPs, into the remote oceans. Snow samples were 
WDNHQLQRUGHUWRHVWLPDWHWKHGU\GHSRVLWLRQÁX[RI323VWR$QWDUFWLFD)XUWKHUPRUH
DOOVDPSOHVWDNHQZLOOEHXVHGWRVFUHHQIRUSRVVLEOH´QHZµ323VZKLFKKDYHQRWEHHQ
\HWGHWHUPLQHGLQUHPRWHDUHDVEXWKDYHDSRWHQWLDOWRGREHZLGHO\WUDQVSRUWHG
)XUWKHUPRUH WKH EHKDYLRXU DQG WUDQVSRUW RI PHUFXU\ DQG LWV FRPSRXQGV ZDV
VWXGLHG ,Q FRQWUDVW ZLWK RWKHU KHDY\PHWDOV PHUFXU\ DQGPDQ\ RI LWV FRPSRXQGV
EHKDYHH[FHSWLRQDOO\ LQ WKHHQYLURQPHQWGXH WR WKHLUYRODWLOLW\/5$7RIPHUFXU\ LWV
WUDQVIRUPDWLRQWRPRUHWR[LFPHWK\OPHUFXU\FRPSRXQGVWKHDELOLW\WRSKRWRFKHPLFDO
reactions and their bioaccumulation in the aquatic food chain have made it to a subject 
of global research activities even in polar regions. The following questions of sources 
DQGWUHQGVRIPHUFXU\DUHRISDUWLFXODULPSRUWDQFH
+DYHWKHVRXUFHVRIPHUFXU\ LWV/5$7DQGGHSRVLWLRQVXEVWDQWLDOO\ LQFUHDVHGLQ
comparison with pre-industrial times ?
+RZGRDWPRVSKHULFPHUFXU\FRQFHQWUDWLRQVUHÁHFWWKHFRQWUROPHDVXUHVDGRSWHG
WRFRQWURODQGUHGXFHDQWKURSRJHQLFPHUFXU\HPLVVLRQV"
Work at sea
High-volume air sampling 
$LUVDPSOHVRI+=*ZHUHFROOHFWHGXVLQJWZRVLPXOWDQHRXVO\UXQQLQJKLJKYROXPHDLU
VDPSOHUVLQVWDOOHGDWVHDXSSHUGHFNRSHUDWLQJDWDFRQVWDQWÁRZUDWHRIa/PLQ
7KHVDPSOHUVZHUHUXQIRUGD\VREWDLQLQJDW\SLFDODLUVDPSOHYROXPHRI
1,500 m3. The high volume air sampler consists of a high volume pump (ISAP 2000, 
6FKXO]H$XWRPDWLRQ	(QJLQHHULQJ$VHQGRUI*HUPDQ\DGLJLWDOÁRZPHWHUDPHWDO
ÀOWHUKROGHU7KHDLUERUQHSDUWLFOHVZHUHFROOHFWHGRQDJODVVÀEHUÀOWHU *))DQG
gaseous substances were trapped on a PUF/PAD-1 or PUF/PAD-2 column. Along the 
FUXLVH OHJRI$17;;9,,GXSOLFDWHDLUVDPSOHVZHUHFROOHFWHGVHH)LJ
Samples collected with PUF/PAD-1 columns are used to determine OPFRs, BFRs, and 
Dechlorane Plus, and samples collected with PUF/PAD-2 will be used to investigate 
WKHFRQFHQWUDWLRQVRIFXUUHQWO\XVHGSHVWLFLGHVVXFKDVWULÁXUDOLQHQGRVXOIDQLVRPHUV
DQGRWKHUHPHUJLQJRUJDQLFSROOXWDQWV UHVSHFWLYHO\)LHOGEODQNVZHUHSUHSDUHGE\
H[SRVLQJWKHÀOWHUDQGFROXPQWRWKHVDPSOHUDQGUXQWKHVDPSOHUIRUaVa/$LU
VDPSOHVZHUHVWRUHGDW&LQWKHFRROLQJURRP
/DQFDVWHU VDPSOHV ZHUH WDNHQ E\ WZR KLJKYROXPH VDPSOHUV DW WKH XSSHU GHFN
FRQWDLQLQJJODVV ÀEUH ÀOWHU DQGSRO\XUHWKDQH IRDP 38)SOXJV6DPSOHVZHUH UXQ
IRUGD\VDQGÀHOGEODQNVZHUHWDNHQE\H[SRVLQJWKHÀOWHUDQG38)WRWKHURXWLQH
VDPSOLQJSUHSDUDWLRQLQWKHODEIRUHYHU\VHFRQGVDPSOH
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Fig. 4.2.1: High-volume air samples taken along ANT-XXVII/2
High-volume water sampling 
+LJKYROXPH ZDWHU VDPSOHV ZHUH WDNHQ IURP WKH VKLSҋV VHDZDWHU LQWDNH V\VWHP
VWDLQOHVVVWHHOSLSH.ODXVVSXPSDWPGHSWK7KHVHDZDWHUZDVSDVVHGGLUHFWO\
IURP WKH LQWDNHV\VWHP WKURXJKDJODVVÀEHUÀOWHU *)& IRU WKHVXVSHQGHGPDWWHU
following a glass cartridge packed with PAD-2/-3 resin for the dissolved phase. Each 
VDPSOHZDVWDNHQIRUaKREWDLQLQJDYROXPHRIa/ZKLOHÀOWHUVZHUH
used per sample depending on the amount of suspended matter and biomass in the 
VHDZDWHU,QWRWDOVDPSOHVZHUHWDNHQDOWHUQDWLYHO\XVLQJ3$'FDUWULGJHVVHH
)LJ)LHOGEODQNVZHUHWDNHQE\H[SRVLQJWKHÀOWHUDQGFROXPQWRWKHURXWLQH
VDPSOLQJDQGSDVVLQJ/VHDZDWHU7KHEUHDNWKURXJKRIWDUJHWDQDO\WHVZDVFRQWUROOHG
XVLQJWDQGHPFROXPQV6DPSOHVZHUHVWRUHGDW&
Water sampling using solid-phase extraction (SPE) 
/ZDWHUVDPSOHVZHUHFROOHFWHGIURPWKHVKLSҋVVHDZDWHULQWDNHV\VWHPFRQWLQXRXVO\
along the leg. In total, 27 duplicate samples were taken while half were extracted 
XVLQJ 2$6,6 :$; FDUWULGJHV DQG KDOI XVLQJ &KURPDERQG +5; FDUWULGJHV 7KH\
ZLOOEHXVHGWRGHWHUPLQHSHUÁXRURDON\OFRPSRXQGV3)$6VXFKDVSHUÁXRURRFWDQH
VXOIRQDWH 3)26 DQG GLVVROYHG RUJDQLF PDWWHU LQ WKH VXUIDFH VHDZDWHU VHH )LJ
,QDGGLWLRQHDFKVDPSOHVIURPGLIIHUHQWGHSWKVZHUHWDNHQDWWKH&7'VWDWLRQV
PS77-21, PS77-49 and PS77-79 and extracted using OASIS WAX cartridges in order 
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,QYHVWLJRIEURPLQDWHGDQGRUJDQRSKRVSKRUXVÁDPHUHWDUGDQWVDQGPRQLWRULQJRIOHJDF\323V
WRLQYHVWLJDWHWKHGHSWKGLVWULEXWLRQRI3)$6VLQFHWKHGHHSRFHDQPLJKWDFWDVDÀQDO
VLQN$OOFDUWULGJHVZHUHVWRUHGDW&
Fig. 4.2.2: High-volume water samples taken along ANT-XXVII/2
Fig. 4.2.3: SPE water samples taken along ANT-XXVII/2
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Snow sampling 
6QRZVDPSOHVZHUHWDNHQDWORFDWLRQVIURPWKH(NVWU|PVKHOILFHFORVHWR$WND%D\
VDPSOHVIURP/RZ,VODQGVDPSOHV+XJR,VODQGVDPSOHVDQG$GHODLGH,VODQG
VDPSOHV6XUIDFHVQRZVDPSOHVZLWKDPHDQYROXPHRIa/VQRZZHUHVWRUHGLQ
PHWDOEDUUHOVRUSUHFOHDQHGDQGDOXPLQLXPIRLOFRYHUHGDOXPLQLXPER[HVUHVSHFWLYHO\
The samples were melted at room temperature onboard leading to a water volume of 
/GHSHQGLQJRQWKHVQRZGHQVLW\7KHPHOWZDWHUZDVSDVVHGWKURXJK3$'
FROXPQVZKLFKZHUHWKHQVWRUHGDW&,QDGGLWLRQ/VQRZVDPSOHVZHUHWDNHQ
at each station, then melted at room temperature and extracted using OASIS WAX 
FDUWULGJHVWRGHWHUPLQH3)$6LQ$QWDUFWLFVQRZ&DUWULGJHVZHUHVWRUHGDW&
Fig. 4.2.4: Snow sampling locations during ANT-XXVII/2
0HUFXU\DQDO\VHV7KHDXWRPDWHGGXDOFKDQQHOVLQJOHDPDOJDPDWLRQFROGYDSRUDWRPLF
ÁXRUHVFHQFH DQDO\]HU LQ RSHUDWLRQ RQ ERDUG RIPolarstern 7HNUDQ$QDO\]HU0RGHO
$7HNUDQ,QF7RURQWR&DQDGDLVFDSDEOHRIPHDVXULQJ7*0FRQFHQWUDWLRQV
even at background locations. The instrument features two gold cartridges. While one 
LVDGVRUELQJPHUFXU\GXULQJDVDPSOLQJSHULRGPLQWKHRWKHULVEHLQJWKHUPDOO\
GHVRUEHGDQG LVVXEVHTXHQWO\DQDO\]HGIRU WRWDOJDVHRXVPHUFXU\7KHIXQFWLRQVRI
each cartridge are then reversed, allowing continuous sampling of the incoming air 
VWUHDP7KHDPDOJDPDWHGPHUFXU\ LV WKHUPDOO\GHVRUEHG LQWRDQ$UJRQFDUULHUJDV
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,QYHVWLJRIEURPLQDWHGDQGRUJDQRSKRVSKRUXVÁDPHUHWDUGDQWVDQGPRQLWRULQJRIOHJDF\323V
VWUHDPDQGDQDO\]HGXVLQJFROGYDSRUDWRPLFÁXRUHVFHQFHVSHFWURVFRS\&9$)6$
detection limit of the order of 0.3 ng Hg m-3 can be achieved under these conditions. The 
7HNUDQ$QDO\]HULVHTXLSSHGZLWKDQLQWHUQDOSHUPHDWLRQVRXUFHVRWKDWWKHLQVWUXPHQW
FDQEHDXWRPDWLFDOO\FDOLEUDWHG
3UHOLPLQDU\H[SHFWHGUHVXOWV
All HZG samples will be further extracted, cleaned and measured in the clean lab at 
+=*38)3$'38)3$'3$'DQG3$'FROXPQVDQGÀOWHUVZLOOH[WUDFWHGZLWK
RUJDQLFVROYHQWVKH[DQHGLFKORURPHWKDQHDFHWRQHRUPL[WXUHVIRUaK6DPSOHV
ZLOOEHIXUWKHUFOHDQHGXVLQJVLOLFDJHOWRLPSURYHWKHDQDO\WLFSHUIRUPDQFH7KH63(
FDUWULGJHVDUHHOXWHGZLWKPHWKDQRO IRU3)&PHDVXUHPHQWVDQGZLWKKH[DQH'&0
PL[WXUHIRUGLVVROYHGRUJDQLFPDWWHUVUHVSHFWLYHO\
%)5V23)5VDQG&83VDUHDQDO\]HGE\JDVFKURPDWRJUDSK\PDVVVSHFWURPHWU\
$JLOHQW*&06'LQQHJDWLYHFKHPLFDOLRQL]DWLRQPRGHHOHFWURQLPSDFW
PRGHIRU23)5V1HXWUDO3)$6DUHDQDO\]HGE\*&06LQSRVLWLYHFKHPLFDOLRQL]DWLRQ
PRGH,RQLF3)$6DUHDQDO\]HGXVLQJOLTXLGFKURPDWRJUDSK\FRXSOHGWRWDQGHPPDVV
VSHFWURPHWHU/&0606ZLWKDQ(OHFWURVSUD\LQWHUIDFHLQQHJDWLYHPRGH
7KHGDWDREWDLQHGIURPWKHFUXLVHZLOOVHWXSDEDFNJURXQGRI%)5V&83VDQG3)$6
both in seawater and the atmosphere in the Southern Ocean and Antarctica. In addition, 
WKHVDPSOHVZLOOHQDEOHXVWRGHWHUPLQH23)5VIRUWKHÀUVW WLPHLQWKHDWPRVSKHUH
of the southern hemisphere and, more important, in the remote region of Antarctica. 
Furthermore, the air-seawater gas exchanges will be investigated to discover the 
importance of atmospheric transport for the occurrence of these emerging persistent 
organic pollutants in open Ocean and towards Antarctica. Since sea ice covered parts 
of the Southern Ocean and the Weddell Sea were passed, this enables us to investigate 
WKH LQÁXHQFHRIVHD LFHDQGVHD LFHPHOWLQJRQ WKH WUDQVSRUWPHFKDQLVPRQ323V
Together with the results of ANT-XXVII/1 using modeled air mass back trajectories, the 
RULJLQDQGDWPRVSKHULFWUDQVSRUWSDWKZD\VRI323VIURPSRVVLEOHVRXUFHUHJLRQVHJ
$IULFD$VLDWR$QWDUFWLFDZLOOEHLQYHVWLJDWHG'DWDIURPVQRZVDPSOHVZLOOHQDEOHXV
WRHVWLPDWHZHWGHSRVLWLRQÁX[HVRIVHYHUDOHPHUJLQJSROOXWDQWVWR$QWDUFWLFD
/HJDF\323VZLOOEHPRQLWRUHGLQDLUVDPSOHVLQFOXGLQJ3&%V3$+V''7+&+V+&%
DQG3%'(V7KHVDPSOHVFDQQRWEHDQDO\]HGRQWKHVKLSEXWKDYHWREHDQDO\]HGLQ
FOHDQODERUDWRU\FRQGLWLRQVDW/DQFDVWHU8QLYHUVLW\
Data
$OOREWDLQHGGDWDZLOOEHRSHQ WRVFLHQFHDQGSXEOLFVLQFH WKH\ZLOOEHSXEOLVKHG LQ
VFLHQWLÀF MRXUQDOV LQ WKH ÀHOG RI HQYLURQPHQWDO FKHPLVWU\ DV ZHOO DV SUHVHQWHG RQ
QDWLRQDODQGLQWHUQDWLRQDOVFLHQWLÀFFRQIHUHQFHV
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Objectives
.QRZOHGJHRQGLVWULEXWLRQGHQVLW\DQGDEXQGDQFHRIFHWDFHDQVLQWKH6RXWKHUQ2FHDQ
LVUDWKHUOLPLWHG(VSHFLDOO\LQSDFNLFHUHJLRQVOLWWOHUHVHDUFKKDVEHHQFRQGXFWHGDV
RQO\IHZYHVVHOVFDQSHQHWUDWHLQWRWKHLFH,QSUHYLRXVVWXGLHV6FKHLGDWHWDOD
	E.RFNHWDOZHVKRZHGDQGFRQÀUPHGHDUOLHULQYHVWLJDWLRQV3O|W]HWDO
)UDQHNHUWKDWKHOLFRSWHUVSURYLGHDXVHIXOSODWIRUPWRVXUYH\FHWDFHDQV
LQRSHQZDWHUDQGSDFNLFH%\PHDQVRIDGHGLFDWHGDHULDODQGVKLSERDUGFHWDFHDQ
VLJKWLQJ VXUYH\ IROORZLQJ VWDQGDUG OLQHWUDQVHFW GLVWDQFH VDPSOLQJ PHWKRGRORJ\
our project aims to contribute to solid base-line data on cetacean occurrence and 
DEXQGDQFHQHHGHGE\GHFLVLRQPDNHUV IRU WKHLUPDQDJHPHQWDQGFRQVHUYDWLRQ ,Q
addition behavioural observations shall investigate response behaviour of cetaceans 
towards vessels in Antarctic waters.
Work at sea
Aerial surveys
$HULDO VXUYH\V IROORZLQJ VWDQGDUG OLQHWUDQVHFW GLVWDQFH VDPSOLQJ PHWKRGRORJ\
%XFNODQGHWDOZHUHFRQGXFWHGZLWKWKHWZRKHOLFRSWHUV%2RIPolarstern.
)O\LQJWLPHGXULQJHDFKVXUYH\ZDVJHQHUDOO\DURXQGôKRXUVZLWKDUDQJHRI
PLQXWHV WR ô KRXUV'XULQJ WKH WUDQVLW IURP&DSH7RZQ WR1HXPD\HU,,,6WDWLRQ
WKHFURVVLQJRIWKH:HGGHOO6HDDQGWKHWUDQVLWIURPWKH$QWDUFWLF3HQLQVXODWR&KLOH
VXUYH\VZHUHSODQQHG LQDQ ´DGKRFµZD\GHSHQGLQJRQ WKHSRVLWLRQDQG WKH WUDFN
of Polarstern)RUWKHDUHDRQWKHZHVWHUQVLGHRI WKH$QWDUFWLF3HQLQVXODDVXUYH\
ZDVFRQGXFWHGVDPSOLQJSUHGHVLJQHGUHSUHVHQWDWLYHWUDQVHFWOLQHV$OOVXUYH\VZHUH
dependent on the actual weather conditions.
6XUYH\ ÁLJKWV ZHUH FRQGXFWHG DW  IW ZLWK D VSHHG RI  QP SHU KRXU 7ZR
observers were positioned in the back of the helicopter and were observing the area 
WRWKHULJKWDQGWRWKHOHIWVLGHRIWKHKHOLFRSWHUUHVSHFWLYHO\7KHWKLUGREVHUYHUZDV
sitting in the port front seat of the helicopter and observed the area to the front, focusing 
on the transect line. The observer sitting in the right back seat of the helicopter used 
WKH925VRIWZDUH+LE\	/RYHOOUXQQLQJRQDODSWRSFRPSXWHUWRFRQWLQXRXVO\
store GPS data, environmental conditions and sightings information.
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'XULQJ WKH ÁLJKW HQYLURQPHQWDO LQIRUPDWLRQ RQ VHD VWDWH FORXG FRYHU JODUH LFH
coverage in percent and overall sighting conditions was stored. For each sighting of 
a marine mammal in the water the following data were collected: species, distance 
WR WUDQVHFW YLD GHFOLQDWLRQ DQJOH JURXS VL]H JURXS FRPSRVLWLRQ EHKDYLRXU FXH
swimming direction and potential reaction to the helicopter. Inclinometers were used to 
measure the declination angle to each sighting when abeam the helicopter. With the 
NQRZQVXUYH\KHLJKWWKLVDQJOHZLOOEHXVHGWRFDOFXODWHWKHGLVWDQFHRIWKHVLJKWLQJ
WRWKHWUDQVHFW OLQH8VLQJWKHVRIWZDUH'LVWDQFH7KRPDVHWDOWKHHIIHFWLYH
VHDUFKHGVWULSZLGWKVIRUWKHGLIIHUHQWFHWDFHDQVSHFLHVFDQEHHVWLPDWHGSRVWVXUYH\
)XUWKHUPRUH VZLPPLQJ SHQJXLQV YHVVHOV ÁRDWLQJ GHEULV DQG WKH HQFRXQWHUHG
UHPDLQVRIÀVKLQJJHDUHJQHWSDUWVEXR\VURSHVZHUHUHFRUGHG
,IDVLJKWLQJZDVPDGHDQGVSHFLHVRUJURXSVL]HFRXOGQRWEHLGHQWLÀHGWKHVXUYH\
ZDV LQWHUUXSWHG LQ RUGHU WR DSSURDFK WKH VLJKWLQJ$IWHU LGHQWLÀFDWLRQ WKH KHOLFRSWHU
UHWXUQHGWRWKHWUDQVHFWOLQHDQGWKHVXUYH\ZDVFRQWLQXHGFORVLQJPRGH
'LJLWDOSKRWRJUDSK\ZDVXVHGIRUSKRWRLGHQWLÀFDWLRQRIKXPSEDFNZKDOHVNLOOHUZKDOHV
DQGIRUJHQHUDOVSHFLHVLGHQWLÀFDWLRQ
Shipboard surveys
2EVHUYDWLRQV IROORZLQJ GLVWDQFH VDPSOLQJ PHWKRGRORJ\ ZHUH FRQGXFWHG IURP WKH
crow’s nest platform with two observers scanning the area in front of the vessel. The 
two observers were situated in wooden observer boxes located on the left and right 
VLGH RI WKH SODWIRUP7KH VFDQQLQJZDV GRQH QDNHG H\H EXW ELQRFXODUVZHUH XVHG
WRLGHQWLI\VSHFLHVDQGJURXSVL]HV$QDGGLWLRQDOWHDPPHPEHUZDVVLWXDWHGLQVLGH
the crow’s nest operating as data recorder. During shipboard observations the same 
HQYLURQPHQWDO DQG VLJKWLQJV LQIRUPDWLRQ DV IRU WKH DHULDO VXUYH\V ZDV FROOHFWHG
6XUYH\VZHUHJHQHUDOO\FRQGXFWHGLIPolarstern had a speed of at least 7 kn. Some 
observations were done in lower speed while breaking through ice.
Tracking
,QRUGHUWRLQYHVWLJDWHSRWHQWLDOUHVSRQVLYHEHKDYLRXUVRIZKDOHVWRZDUGVWKHVXUYH\
YHVVHOKLJKSRZHUHGELQRFXODUV%LJ(\HVZHUHXVHGWRIROORZWKHWUDFNRIGHWHFWHG
DQLPDOVDVORQJDVSRVVLEOHZKLOHWKHVKLSSDVVHGE\WKHVLJKWLQJ7KHVHEHKDYLRXUDO
VWXGLHVZHUHFRQGXFWHGIURPWKHFURZҋVQHVW´7UDFNLQJµLVRQO\SRVVLEOHXQGHUSHUIHFW
ZHDWKHUFRQGLWLRQVZLWKZLQGVRIOHVVWKDQWKUHH%HDXIRUWJRRGYLVLELOLW\FOHDUKRUL]RQ
DORZVZHOODQGQRLFHEUHDNLQJDFWLYLW\RIWKHVKLS
3UHOLPLQDU\UHVXOWV
$HULDO VXUYH\VZHUHFRQGXFWHG IURP'HFHPEHU WR)HEUXDU\'XULQJ
WKLVWLPHDWRWDORIÁLJKWVZHUHFRQGXFWHGLQKRXUVFRYHULQJQP'XULQJ
WKHVHVXUYH\VFHWDFHDQVLJKWLQJVZLWKDWRWDORIDQLPDOVZHUHPDGH2YHUDOO
GLIIHUHQWVSHFLHVZHUH LGHQWLÀHG7DEOHJLYHVDQRYHUYLHZRI WKHQXPEHURI
sightings and animals for all cetacean species encountered. 
'XULQJWKHVKLSERDUGVXUYH\VDWRWDORIKZHUHVXUYH\HGRQHIIRUWFRYHULQJDERXW
QP$WRWDORIFHWDFHDQVLJKWLQJVWRWDOOLQJDQLPDOVZHUHPDGH7DEOH
These observations will be compared with infrared cetacean detection data collected 
E\WKH0$36SURMHFW$:,GXULQJWKLVFUXLVH
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Figure 5.1.1 gives an overview of the positions of all cetacean sightings from the aerial 
VXUYH\DQGVKLSERDUGREVHUYDWLRQVFRPELQHG
7KH GLVWULEXWLRQ RI GLIIHUHQW FHWDFHDQ VSHFLHV ZDV GLVWLQFW 2QO\ WZR VSHFLHV ZHUH
VHHQ LQ ZDWHUV FRYHUHG E\ LFH WKHVH ZHUH$QWDUFWLF PLQNH ZKDOHV Balaenoptera
bonaerensis DQG$QWDUFWLF W\SH % NLOOHU ZKDOHV Orcinus orca 'XULQJ VXUYH\V LQ
RSHQZDWHUSDUWLFXODUO\DORQJWKHZHVWHUQVLGHRIWKH$QWDUFWLF3HQLQVXODWKHQXPEHU
RI VSHFLHV DQG DQLPDOV VLJKWHG LQFUHDVHG FRQVLGHUDEO\ 7KHPRVW FRPPRQO\ VHHQ
species were humpback whales (Megaptera novaeangliae  LQGLYLGXDOV LQ WRWDO
QRUWKRI WKHSDFNLFHDQGPLQNHZKDOHV LQ WKHSDFNLFH  LQGLYLGXDOV LQ WRWDO$OO
RWKHUVSHFLHVZHUHHQFRXQWHUHGRFFDVLRQDOO\RQO\7DEOHV	
2Q WKH VRXWKERXQG OHJ IURP&DSH7RZQ WR1HXPD\HU,,,6WDWLRQ EDGZHDWKHUZLWK
KLJK VHDVWDWHDQG ORZFORXGV UHSHDWHGO\KDPSHUHGRXU VXUYH\ZRUN7KXV LWZDV
RQO\ SRVVLEOH WR FRQGXFW IRXU KHOLFRSWHU ÁLJKWV DQG  KRXUV RI REVHUYDWLRQV IURP
WKHFURZҋVQHVWEHWZHHQ6DQG62QO\WZRÀQZKDOHBalaenoptera physalus
VLJKWLQJVWKUHHEHDNHGZKDOHVLJKWLQJVDQGRQHJURXSRIXQLGHQWLÀHGGROSKLQVZHUH
recorded in this area. Between 55°S and 60°S, just north of the ice edge, sighting rates 
RIEDOHHQZKDOHV LQFUHDVHGVLJQLÀFDQWO\ZLWKKXPSEDFNZKDOHVEHLQJ WKHGRPLQDQW
species. Also several beaked whale sightings were recorded in this area.
Minke whales became the dominant species when the vessel entered the pack-ice 
at 58°S. A total of 31 minke whale groups consisting of 41 individuals were seen in 
pack ice regions with ice coverage of at least 10 %. The maximum group size was six 
DQLPDOV,WZDVVWULNLQJWKDWDOOVLJKWLQJVRIODUJHUJURXSVRFFXUUHGYHU\FORVHWRWKHLFH
HGJHRULQRSHQZDWHUZKLOHGHHSLQWKHSDFNLFHVLJKWLQJVRIPRVWO\VROLWDU\DQLPDOV
ZLWKDPD[LPXPRI WKUHHDQLPDOVZHUHPDGH2QHSRGRI$QWDUFWLF W\SH%NLOOHU
whales was sighted in the pack-ice and another group of 18 animals was encountered 
LQWKH$QWDUFWLF6RXQGLQYHU\ORRVHSDFNLFH
$WWKHZHVWHUQVLGHRIWKH$QWDUFWLF3HQLQVXODDV\VWHPDWLFDHULDOOLQHWUDQVHFWGLVWDQFH
VDPSOLQJ VXUYH\ ZDV FRQGXFWHG 6DPSOLQJ RFFXUUHG DORQJ SUHGHVLJQHG SDUDOOHO
WUDQVHFW OLQHV UHSUHVHQWDWLYHO\ FRYHULQJ WKLV VXEDUHD'XULQJQPRI HIIRUW 
cetacean sightings were recorded. Again, humpback whales were the dominant 
VSHFLHVHQFRXQWHUHGEXWDOVRPLQNHZKDOHVZHUH IUHTXHQWO\ UHFRUGHG)LQZKDOHV
sei whales (Balaenoptera borealisGLIIHUHQWEHDNHGZKDOHVSHFLHVRQHEOXHZKDOH
(Balaenoptera musculus KRXUJODVV GROSKLQV Lagenorhynchus cruciger DQG ORQJ
ÀQQHGSLORWZKDOHVGlobicephala melasZHUHDOVRHQFRXQWHUHG+XPSEDFNZKDOHV
were sighted both, close to the coast, in the shallower waters of the shelf, as well as in 
deeper waters further offshore. Fin whales are thought to prefer to feed on certain age 
FODVVHVRINULOOPDWXUHNULOORFFXUULQJIXUWKHURIIVKRUH6DQWRUDHWDO+RZHYHU
RXUH[SHFWDWLRQWRVLJKWLQFUHDVHGQXPEHUVRIÀQZKDOHVLQGHHSHUZDWHUVDQGDORQJ
WKHVORSHVLPLODUWRDSUHYLRXVVWXG\RII(OHSKDQW,VODQGDQGWKH6RXWK6KHWODQGVLQ
6FKHLGDWHWDODZHUHQRWPHW
)RU WKH SUHGHVLJQHG VXUYH\ LQ WKLV DUHD GLVWULEXWLRQ SDWWHUQV DQG GHQVLW\ RI VRPH
cetacean species can be estimated.
'XULQJRXUDHULDOVXUYH\VDQLQFUHDVHGQXPEHURIGHEULVDQGUHPDLQVRIÀVKLQJJHDU
OLNHEXR\VZHUHUHFRUGHGHLWKHUÁRDWLQJDWWKHVXUIDFHRUVWUDQGHGRQURFNVDORQJWKH
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FRDVW7KLVZDVHVSHFLDOO\DSSDUHQWDORQJWKHZHVWHUQVLGHRIWKH$QWDUFWLF3HQLQVXOD
3KRWRLGHQWLÀFDWLRQ
$ WRWDO RI  KXPSEDFNZKDOH ÁXNH ,' SKRWRJUDSKVZHUH WDNHQ IURP WKH VKLS DQG
helicopter. A total of four killer whale sightings were made. During three sightings 
SKRWRVLQVXIÀFLHQWTXDOLW\IRUSKRWRLGHQWLÀFDWLRQZHUHREWDLQHG
Behavioural data
'XULQJRQHVXUYH\ÁLJKWDSRGRI$QWDUFWLFW\SH$NLOOHUZKDOHVZDVREVHUYHGKXQWLQJ
D VPDOO PLQNH ZKDOH FDOI 7KLV EHKDYLRXU ZDV GRFXPHQWHG E\ PHDQV RI GLJLWDO
SKRWRJUDSKV$OWKRXJK$QWDUFWLFW\SH$NLOOHUZKDOHVDUHNQRZQWRIHHGRQPLQNHZKDOHV
3LWPDQDQG(QVRUWRGDWHIHZDWWDFNVKDYHEHHQGRFXPHQWHG,QDGGLWLRQIHZ
sightings exist of Antarctic minke whale calves.
7UDFNLQJIURPWKHFURZҋVQHVWKDVEHHQSRVVLEOHRQWKUHHGD\VRI WKHFUXLVHGXULQJ
ZKLFKÀYHJURXSVRIZKDOHVFRXOGEHWUDFNHGUHFRUGLQJUHVLJKWLQJVLQWRWDO7KH
WUDFNLQJGDWDZLOODOVREHFRPSDUHGZLWKLQIUDUHGFHWDFHDQGHWHFWLRQGDWDFROOHFWHGE\
the MAPS project during this cruise.
Beaked whales
'XULQJWKHDHULDOVXUYH\VDWRWDORIEHDNHGZKDOHVLJKWLQJVZLWKDQLPDOVZHUH
PDGH8VLQJGLJLWDOSKRWRJUDSK\IURPWKHKHOLFRSWHUDQGODWHUDQDO\VHVRISLFWXUHVLW
ZDVSRVVLEOHWRLGHQWLI\EHDNHGZKDOHVLJKWLQJVWRVSHFLHVOHYHO
2QRXUZD\VRXWKZDUGWUDYHOOLQJRQWKHPHULGLDQÀYHJURXSVRIVRXWKHUQERWWOHQRVH
whales (Hyperoodon planifronsFRQVLVWLQJRILQGLYLGXDOVRQHJURXSRIWKUHHVWUDS
toothed whales (Mesoplodon layardii DQG RQH JURXS RI QRW \HW LGHQWLÀHG EHDNHG
ZKDOHVZHUHVLJKWHGMXVWQRUWKRIWKHLFHHGJH)LJXUH
$GGLWLRQDOO\D WRWDORIVLJKWLQJVRIEHDNHGZKDOHVZHUHPDGHDW WKHZHVWHUQVLGH
RIWKH$QWDUFWLF3HQLQVXOD7ZRRIWKHVHZHUHXQLGHQWLÀHGWKHRWKHUVEHLQJVRXWKHUQ
bottlenose and strap-toothed whales.
From the ship one group of two southern bottlenose whales was recorded.
Data
3XEOLFDWLRQ LQ VFLHQWLÀF MRXUQDOV LQ WKH ÀHOGV RI PDULQH ELRORJ\ DQG ]RRORJ\ DQG
SUHVHQWDWLRQRQVFLHQWLÀFFRQIHUHQFHVZLOOPDNHWKHGDWDREWDLQHGDYDLODEOHIRUVFLHQFH
and public. 
Acknowledgements
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:HZRXOGOLNHWRWKDQNWKHPHWHRURORJLFDORIÀFH0DQIUHG*HEDXHUDQG.ODXV%XOGW
7KHLUH[FHOOHQWZHDWKHUSUHGLFWLRQVPDGHLWSRVVLEOHWRGRWKHVHVXUYH\VLQDQH[WUHPHO\
variable environment.
We would like to thank the chief scientist on board Polarstern, Eberhard Fahrbach, for 
his support of the project during the cruise.
7KLV SURMHFWZDV ÀQDQFHG E\ WKH)HGHUDO$JHQF\ RI(QYLURQPHQW 8%$ XQGHU WKH
project: FKZ 3708 91 101-2  Erhebung und Auswertung von Daten zum Vorkommen, 
zu Verteilung und zu relativen Abundanzen von Meeressäugern in der Antarktis nach 
international anerkannten Standards. 
7DEOH&HWDFHDQVLJKWLQJVE\VSHFLHVIURPWKHDHULDOVXUYH\VGXULQJ$17;;9,,
Species Number of 
groups
Number of 
individuals
Antarctic minke whale
(Balaenoptera bonaerensis)
42 67
Dwarf minke whale
(Balaenoptera acutorostrata)
1 2
Humpback whale
(Megaptera novaeangliae)
58 112
Fin whale
(Balaenoptera physalus)
6 17
Sei whale
(Balaenoptera borealis)
4 31
Blue whale
(Balaenoptera musculus)
1 1
Antarctic killer whale type A
(Orcinus orca)
2 10
Antarctic killer whale type B
(Orcinus orca)
2 53
Southern bottlenose whale
(Hyperoodon planifrons)
9 16
Strap-toothed whale
(Mesoplodon layardii)
3 16
Hourglass dolphin
(Lagenorhynchus cruciger)
1 3
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Species Number of 
groups
Number of 
individuals
/RQJÀQQHGSLORWZKDOH
(Globicephala melas
1 13
8QLGHQWLÀHGEDOHHQZKDOH 21 31
8QLGHQWLÀHGEHDNHGZKDOH 3 6
Total 154 378
Table 5.1.2&HWDFHDQVLJKWLQJVE\VSHFLHVIURPWKHVKLSERDUGVXUYH\VGXULQJ$17
XXVII/2
Species Number of groups Number of 
individuals
Antarctic minke whale
(Balaenoptera bonaerensis)
8 11
Humpback whale
(Megaptera novaeangliae)
26 41
Fin whale
(Balaenoptera physalus)
1 2
Southern bottlenose whale
(Hyperoodon planifrons)
1 2
Hourglass dolphin
(Lagenorhynchus cruciger)
1 7
8QLGHQWLÀHGEDOHHQZKDOH 13 13
Total 50 76
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Fig. 5.1.1: Distribution of cetacean sightings along the cruise track of Polarstern during ANT-XXVII/2
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WRVXUYH\$QWDUFWLFPLQNHZKDOHDEXQGDQFH LQ WKH LFH6&,$SS ,QWHUQDWLRQDO
:KDOLQJ&RPPLVVLRQ&DPEULGJH8.
7KRPDV/%XFNODQG675H[VWDG($/DDNH-/6WULQGEHUJ6+HGOH\6/%LVKRS-5%0DUTXHV
7$ %XUQKDP .3  'LVWDQFH VRIWZDUH GHVLJQ DQG DQDO\VLV RI GLVWDQFH VDPSOLQJ
VXUYH\VIRUHVWLPDWLQJSRSXODWLRQVL]H-RXUQDORI$SSOLHG(FRORJ\
YDQ)UDQHNHU-$7RSSUHGDWRUVDVLQGLFDWRUVIRUHFRV\VWHPHYHQWVLQWKHFRQÁXHQFH
zone and marginal ice zone of the Weddell and Scotia seas, Antarctica, November 1988 to 
-DQXDU\(326/HJ3RODU%LRO²
 0$360DULQH0DPPDO3HULPHWHU6XUYHLOODQFH
Olaf Boebel1, Annette Bombosch1, Lars Kindermann1, Daniel P. Zitterbart1,2,
Elke Burkhardt1 QRWRQERDUG
1Alfred-Wegener-Institut
2Universität Erlangen-Nürnberg
Objectives
%RWK QRQJRYHUQPHQWDO RUJDQL]DWLRQV DQG JRYHUQPHQWDO DJHQFLHV LQFUHDVLQJO\
FULWLFL]HWKHXVHRIDLUJXQVIRUPDULQHJHRSK\VLFDOUHVHDUFKGXHWRWKHHQKDQFHGQRLVH
OHYHOV WKHVH LQVWUXPHQWV LQWURGXFH WR WKH DTXDWLF HQYLURQPHQW7R UHPHG\ SRVVLEOH
GHWULPHQWDOHIIHFWVWRWKHPDULQHIDXQDPLWLJDWLRQPHDVXUHVDUHFRPPRQO\UHTXHVWHG
ZKLFKLQPRVWFDVHVLPSO\YLVXDOREVHUYDWLRQRIWKHVKLSҋVSHULPHWHUDQGVKXWGRZQ
RI VHLVPLF RSHUDWLRQV ZKHQ FHWDFHDQV DUH VLJKWHG ZLWKLQ D SUHGHÀQHG H[FOXVLRQ
zone around the airguns. To facilitate such observations, the MAPS project aims at 
GHYHORSLQJDQDXWRPDWLFZKDOHEORZGHWHFWLRQV\VWHPRQWKHEDVLVRIDWKHUPDO
LPDJLQJVHQVRU),5671DY\
'DWD FROOHFWHG ZLWK WKLV V\VWHP GXULQJ WZR UHFHQW Polarstern cruises resulted in 
QXPHURXVGHWHFWLRQVGXULQJUHWURVSHFWLYHKXPDQYLVXDOVFUHHQLQJHYHQLQUHODWLYHO\
ZDUPZDWHUVRI&7KHVHHQFRXUDJLQJUHVXOWVKRZHYHURQO\UHSUHVHQWDÀUVWVWHSDV
now a robust computer based image recognition algorithm needs to be developed and 
WHVWHGZKLFKDXWRPDWLFDOO\SURFHVVHVWKHYLGHRVWUHDPIRUWKHRFFXUUHQFHRIZKDOH
EORZV XOWLPDWHO\ UHVXOWLQJ LQ UHDOWLPH DOHUWV WR WKHPDULQHPDPPDO REVHUYHUV DQG
ship’s crew. 
7R WHVW WKHHIÀFLHQF\RIGHWHFWLRQDOJRULWKPV IRUYDULRXVVSHFLHVDQGXQGHUYDU\LQJ
environmental conditions, false and positive auto-detections shall be compared with 
VLJKWLQJVIURPDQLQGHSHQGHQWREVHUYHUWHDP)7=%VXP
7KHSULPDU\SXUSRVHRIRXUSDUWLFLSDWLRQLQWKLVFUXLVHZDVWRWHVWWKHHQWLUHV\VWHPXQGHU
RSHUDWLRQDOFRQGLWLRQVLQFOXGLQJDÀUVWYHUVLRQRIWKHDXWRPDWHGGHWHFWLRQDOJRULWKP,Q
DGGLWLRQYLVXDOVLJKWLQJGDWDIURPGLVWDQFHVDPSOLQJDQGWUDFNLQJVXUYH\VE\WKH)7=
%VXP6HHFKDSWHUDVZHOODVIURPSUHFLVHUHFRUGVRIWLPHVRIZKDOHVSRXWV
VKDOOEHREWDLQHGFRQFXUUHQWO\WRDOORZWKHDERYHPHQWLRQHGFRPSDULVRQV
/DVWEXWQRWOHDVWWKHFRPPXQLFDWLRQVRIWZDUHEHWZHHQDYLVXDOFDPHUDV\VWHPLQVWDOOHG
GXULQJ$17;;9,,DQGWKH,5EDVHGDXWRGHWHFWLRQV\VWHPVKDOOEHLPSOHPHQWHGWR
allow automatic acquisition of high resolution visual images for retrospective species 
LGHQWLÀFDWLRQ
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Work at sea
Thermographic Imaging
7KH),567V\VWHPZDVRSHUDWHGFRQWLQXRXVO\WKURXJKRXWWKHH[SHGLWLRQIRUDWRWDORI
GD\VKLQWRWDOKRZHYHUXVLQJWZRVHQVRUKHDGV81DQG81ZLWK
DEULHILQWHUUXSWLRQRIGD\V
7KH V\VWHP XVLQJ VHQVRU KHDG 81  ZDV SRZHUHG XS LQ &DSH 7RZQ RQ 
1RYHPEHU  7DEOH  7KLV VHQVRU KHDG VWRSSHG DFTXLULQJ LPDJHV RQ 
'HFHPEHUGXHWRDKDUGZDUHIDLOXUHLQWKHVHQVRUҋVFRROLQJV\VWHPDIWHUKRI
RSHUDWLRQ,WVKRXOGEHQRWHGWKRXJKWKDWWKH81KDGEHHQXVHGFRQWLQXRXVO\LQD
SUHYLRXVSURMHFWIRUDWRWDORSHUDWLRQWLPHRIDERXWZHHNV7KLVLQWHUUXSWLRQZDVXVHG
WRGHYHORSQHFHVVDU\FRPPXQLFDWLRQVRIWZDUH IRU WKHFRQWLQXRXV UHWULHYDORIVWDWXV
information from the sensor unit in real-time. Using UN 002 which - except for the 
proper image acquisition - was still operational (rotation of sensor head, communication 
EHWZHHQVHQVRUDQGFRQWUROFRPSXWHUDYRLGHGWKHULVNRIFUDVKLQJDIXOO\RSHUDWLRQ
sensor head during this rather sensitive programming effort. The resulting sensor 
status software module was incorporated into the Tashtego automated whale detection 
software package, which is under continuous developed at the AWI to control, handle 
DQGDQDO\]HWKH,5GDWDVWUHDPIURPWKH),5671DY\WKHUPDOLPDJHU
2Q -DQXDU\D VSDUH VHQVRUKHDGZDVPRXQWHG 81ZKLFKKDVEHHQ
UXQQLQJFRQWLQXRXVO\IRUWKHUHVWRIWKHFUXLVHZLWKDPD[LPXPXQLQWHUUXSWHGRSHUDWLRQ
SHULRGRIGD\VK
7DEOH 7LPHWDEOHVKRZLQJWKHRSHUDWLRQSHULRGVRIWKH),5671DY\
Start End Hours
operational
[hhh:mm]
8QLW1XPEHU81
2010.11.28 12:21 2010.12.02 12:42 96:21 002
2010.12.02 13:17 2010.12.04 08:43 43:26 002
2010.12.04 08:45 2010.12.05 15:20 30:35 002
2010.12.05 15:52 2010.12.07 11:10 43:18 002
2010.12.07 11:11 2010.12.23 20:14 393:03 002
23.12.2010 20:15 2010.12.28 14:05 113:50 002
2010.12.28 15:14 2010.12.29 11:22 20:08 002
2011.01.03 15:00 2011.01.31 12:23 669:22 003
ʖ
$GGLWLRQDOO\VLQFH'HFHPEHUHYHU\VHFRQGVDVLQJOHWKHUPDOLPDJHZDV
VDYHGWRGRFXPHQWWKHV\VWHPSHUIRUPDQFHXQGHUDOORFFXUULQJFRQGLWLRQV7KLVVXPV
up to 3.2 TB of image data. 
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Software development
7KURXJKRXWWKHFUXLVHVHYHUDOQHFHVVDU\LPSURYHPHQWVZHUHPDGHWRWKHTashtego
software.
1. Detection and tracking of the horizon: 
7KH ),567 1DY\ VFDQQHU LV PRXQWHG RQ D VWDELOL]HG SODWIRUP JLPEDO WR
PDLQWDLQD´KRUL]RQWDOµKRUL]RQ)LJ,QVSLWHRIWKDWZHREVHUYHGYHUWLFDO
PRYHPHQWVRIWKHKRUL]RQLQRUGHURIRIWKHLPDJHVL]HZLWKDIUHTXHQF\RI
²+]$SRVVLEOHK\SRWKHVLVIRUWKLVEHKDYLRUZRXOGEHWKDWPRWLRQLQGXFHG
FHQWULSHWDO IRUFHVFDXVHWKHJLPEDO WR IDOVHO\FRUUHFWSDQWLOW6LQFHWKHJLPEDO
RQO\PHDVXUHVSDQWLOWXVLQJDJUDYLW\VHQVRULWFDQҋWWDNHFHQWULSHWDOIRUFHVLQWR
account. Resulting offsets in pan/tilt lead to a sinusoidal shaped horizon across a 
single image with wandering phase between images. We implemented a robust 
DXWRPDWHGKRUL]RQGHWHFWLRQDOJRULWKPWKDWÀWVDVLQXVVKDSHGDUWLÀFLDOKRUL]RQ
line into each image. The other Tashtego modules were adopted to handle 
ORFDOL]HGKRUL]RQV7KLVDXWRPDWHGKRUL]RQGHWHFWLRQLVDQHFHVVDU\SUHUHTXLVLWH
for reliable distance measurements.
2. Automatic detection of whale spouts: 
$ÀUVWZKDOHVSRXWDXWRGHWHFWLRQDOJRULWKPDVLPSOHPHQWHGSULRUWRWKLVFUXLVH
was based on a restoration-after-destruction approach, which required substantial 
LPDJHÀOWHULQJ LQDSUHSURFHVVLQJVWHS+RZHYHU WKHVHÀOWHUVWXUQHGRXW WREH
YHU\ VHQVLWLYH RQ WKH VHD VWDWH DQG EULJKWQHVV FRQGLWLRQV 'XULQJ WKLV FUXLVH
we implemented a new, much simpler algorithm (based on STA/LTA algorithms 
DGRSWHG IURPVHLVPRORJ\ZKLFKQRZVHUYHVDVDSUHVHOHFWLQJDOJRULWKP7KLV
algorithm focuses on the changes of the local contrast in small tiles of the image 
[SL[HOV7KHORFDOFRQWUDVWLVWKHQWUDFNHGRYHUWLPHDQGDVSDWLRWHPSRUDO
DGDSWLYH WKUHVKROG GHÀQHV ZKHWKHU DQ DQRPDO\ VKDOO EH UHSRUWHG $ VHFRQG
FODVVLÀFDWLRQ VWHSZLOO EH LPSOHPHQWHG E\ D OHDUQLQJ DOJRULWKPGHVLJQHGDV D
support-vector-machine. The implementation of this module commenced during 
the cruise.
3. Thermal imager status information
$PRGXOHIRU7DVKWHJRZDVGHYHORSHGZKLFKFRQWLQXRXVO\SROOVWKH),5671DY\
VFDQQHU IRUVWDWXV LQIRUPDWLRQ7KLV LQIRUPDWLRQ LV ORJJHGZLWK+]IUHTXHQF\
and might help to realize upcoming sensor malfunctions (e.g. increased power 
FRQVXPSWLRQGXHWRLQFUHDVHGIULFWLRQ7KHLQIRUPDWLRQLVJUDSKLFDOO\SUHVHQWHG
in real-time to the operator.
4. Image acquisition: 
$QLPDJHDFTXLVLWLRQDQGVWRUDJHVRIWZDUHZDVSURYLGHGE\WKHPDQXIDFWXUHU)LUVW
'9'5ZLWKWKHV\VWHP+RZHYHUWKH)LUVW'9'5VRIWZDUHSURYHGXQVWDEOHDQG
FDXVHGWKHZRUNVWDWLRQRSHUDWLQJV\VWHP:LQGRZV;3WRIUHH]HDSSUR[LPDWHO\
HYHU\GD\V'XHWRWKHODUJHKDUGGULYHDUUD\XSWR7%DUHERRWFDQWDNH
XS WRK LI WKHRSHUDWLQJV\VWHPGHPDQGVDÀOHV\VWHPFKHFN7RRYHUFRPH
these limitations, we adopted the self-developed image storage module of the 
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3LFWXUHLQ3LFWXUH3L3FDPHUDSUHVHQWHGLQWKH$17;;9,,FUXLVHUHSRUWWR
ZRUNZLWKWKH),5671DY\VFDQQHUVRWKHLPDJHVWRUDJHFDQQRZEHRSHUDWHG
without the FIRST DVDR software. 
5. Integration of data from Walog visual sighting software:
9LVXDOVLJKWLQJVHQWHUHGLQWRWKH:DORJVRIWZDUHVHHFUXLVHUHSRUW$5.;;,9
QRZGLUHFWO\WULJJHU7DVKWHJRWRVWRUHWKLVHYHQWDQGSHUPDQHQWO\VDYHWKHDFTXLUHG
infrared images. The period for which infrared data will be saved is computed 
G\QDPLFDOO\GHSHQGLQJRQWKHVKLSҋVVSHHGWRPDNHVXUHWKDWDOOSRVVLEOHVLJQV
of a whale while in sighting range will be captured. It has a maximum limit of 1h 
ZKLFKFRUUHVSRQGVWR*%,IORQJHUWLPHVSDQVVKDOOEHVDYHGVWDUWDQG
HQGWLPHVPD\EHHQWHUHGPDQXDOO\
Fig. 5.2.1: Screenshot of the horizon detection module, which shows the elevation of the horizon in 
three different view directions (port, ahead, star) together with the modeled sinusoidal function.
Visual imaging
,QDGGLWLRQWRWKHWKHUPDOLPDJHUKDUGZDUHIRUDYLVXDOFDPHUDV\VWHPZDVLQVWDOOHG
GXULQJ$17;;9,,7KLV3L3V\VWHPFRQVLVWVRIDKLJKUHVROXWLRQSDQWLOWGLJLWDOFDPHUD
V\VWHP3URVLOLFD*(&PHJDSL[HOZLWKDPPWHOHOHQV,WDXWRPDWLFDOO\
DFTXLUHVFORVHXSVRIREMHFWVGHWHFWHGE\WKH,5VFDQQHUZLWKDIUDPHUDWHRIISVHTXDO
WRWKH),5671DY\LPDJHUDWH7HFKQLFDOGHWDLOVFDQEHREWDLQHGIURPWKH$17;;9,,
FUXLVHUHSRUW)RUWUDLQHGPDULQHPDPPDOREVHUYHUVWKHVHSKRWRJUDSKLFLPDJHVPD\
DOORZRIÁLQHVSHFLHVLGHQWLÀFDWLRQRIWKHZKDOHVZKRVHVSRXWVKDYHEHHQDXWRPDWLFDOO\
GHWHFWHGE\WKHLQIUDUHGLPDJHU'XULQJWKLVFUXLVHZHGHYHORSHGWKHFRUUHVSRQGLQJ
communication software and graphical user interface to operate the camera from the 
7DVKWHJRVRIWZDUH7KLVV\VWHPZDVRSHUDWLRQDOWKURXJKRXWWKHFUXLVH([DPSOHVDUH
given in Fig.5.2.2.
Visual whale blow logging
In order to test the performance of the infrared imager and the automatic detection 
DOJRULWKPDGHGLFDWHGREVHUYHUZDVYLVXDOO\ ORJJLQJZKDOHEORZVDVDFFXUDWHO\DV
SRVVLEOHWRWKHVHFRQGDQGPDNLQJWLPHVWDPSHGSKRWRVLISRVVLEOH6XFKDFFXUDWH
LQIRUPDWLRQLVQHFHVVDU\WREHDEOHWRLGHQWLI\IDOVHSRVLWLYHPLVVHGHYHQWVLQWKH,5
LPDJHV,QDGGLWLRQVXFKDFFXUDWHO\WLPHGVLJKWLQJVVLJQLÀFDQWO\IDFLOLWDWHVHDUFKLQJIRU
DZKDOHҋVEORZLQWKHWKHUPDOLPDJHVGXULQJUHWURVSHFWLYHDQDO\VLVDVRQO\VKRUWV
periods needs to be searched. 
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10 m @ 1525 m distance
10 m @ 5568 m distance
10 m @ 1864 m distance
Fig. 5.2.2: Three examples of automatically triggered whale detections, which were captured by the 
3L3V\VWHP7KH\FRXOGUHWURVSHFWLYHO\EHLGHQWLÀHGDVKXPSEDFNZKDOHVWRSDWPGLVWDQFH
and middle, 1,864 m) and a minke whale (bottom, 1,525 m).
For this task the observer was provided with a small GPS logging device mounted on 
a pair of binoculars. This setup allowed registering the GPS-timestamp of a whale’s 
EORZZLWKDVLQJOHFOLFNZKLOHVLPXOWDQHRXVO\IROORZLQJWKHZKDOHWKURXJKWKHELQRFXODUV
WR LGHQWLI\ LWV VSHFLHV ,I PXOWLSOH ZKDOH JURXSV VXUURXQGHG WKH VKLS DQ DGGLWLRQDO
REVHUYHUPDQXDOO\WRRNDVPDQ\SKRWRJUDSKVRIZKDOHEORZVDVSRVVLEOHDVLWZDV
not feasible to log them all with the GPS device. Those pictures, which were also time 
stamped, also allow a comparison between the visual and thermal signature of a blow. 
To calibrate the timestamp of the digital camera, a picture of the ships GPS clock was 
WDNHQDWLUUHJXODULQWHUYDOV2EVHUYDWLRQVZHUHFRQGXFWHGXQGHUYDU\LQJHQYLURQPHQWDO
FRQGLWLRQVVHDVWDWHDQGDOVRGXULQJYDULRXVOHYHOVRIIRJ
In addition, independent visual observations were conducted at selected times from 
the crow’s nest in cooperation with the marine mammal observing team from the FTZ 
ZKRFRQGXFWHGGLVWDQFHVDPSOLQJDQGWUDFNLQJVXUYH\V2QFHDQREVHUYHUIURPWKH
FTZ team made a sighting, the dedicated additional whale-blow logger tracked that 
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animal as long as it was in sight and recorded the exact time stamps of blows sighted.
Walog
,QDGGLWLRQWRWKHVH0$36,5DFWLYLWLHVWKHQDXWLFDORIÀFHUVXVHGWKH:DORJVRIWZDUH
WR ORJDQ\RSSRUWXQLVWLFZKDOHVLJKWLQJV IRU0$36YLV7KH:DORJVRIWZDUHZRUNHG
ZHOOWKURXJKRXWWKHFUXLVH:HVLPSOLÀHGLWIXUWKHUVRWKDWWKHORFDOVKLSWLPHLVQRZ
DXWRPDWLFDOO\ XSGDWHGZKLOH VHYHUDO EXJÀ[HVZHUH LPSOHPHQWHGGXULQJ WKHFUXLVH
,QDGGLWLRQDVHFRQGGLJLWDOFDPHUD&DQRQ(26'6LJPDPPOHQVZDV
supplied and integrated into the Walog WLAN, which now allows continuous image 
acquisition with 7 fps.
3UHOLPLQDU\UHVXOWV
Visual whale blow logging
,QWRWDOZHDFTXLUHGORJVRIYLVXDOO\GHWHFWHGZKDOHEORZVDQGSKRWRJUDSKV
7KHVH FRXQWV KRZHYHU DUH SUHOLPLQDU\ DV WKH\ UHSUHVHQW PLQLPXP QXPEHUV RI
REVHUYHGEORZV2Q WKUHH RFFDVLRQV WKH VKLSZDV VXUURXQGHGE\ VRPDQ\ZKDOHV
that it became impossible to log/photograph all cues. Further, when groups of animals 
ZHUHHQFRXQWHUHGEORZVHYHQWXDOO\RFFXUUHGVRIUHTXHQWO\WKDWRQO\DVXEVHWFRXOG
EH ORJJHG 1HYHUWKHOHVV QHDU VLPXOWDQHRXV EORZV FDQ IUHTXHQWO\ EH VHSDUDWHG RQ
the photographs. The whale logger was on effort for a total of 61 hours and additional 
blows were collected during the shifts of the marine mammal observing team from the 
FTZ in the crow’s nest.
Walog
7KHFUXLVHZDVYHU\VXFFHVVIXOLQWHUPVRIRSSRUWXQLVWLFYLVXDOVLJKWLQJVUHJLVWHUHGYLD
the WalogVRIWZDUH$WRWDORIRYHUDOOGHWHFWLRQVZHUHORJJHG)LJRIZKLFK
FRXOGEHLGHQWLÀHGZLWKFHUWDLQW\WRVSHFLHVOHYHO+XPSEDFNZKDOHVZHUHE\IDU
WKHVSHFLHVPRVWIUHTXHQWO\HQFRXQWHUHGGXULQJWKLVFUXLVHVLJKWLQJV2IVSHFLDO
QRWHZRUWKLQHVV DUH WZR EHDNHG ZKDOH VLJKWLQJV PRVW OLNHO\ VRXWKHUQ ERWWOHQRVH
ZKDOHVDQGWKHÀUVWEOXHZKDOHVLJKWLQJVLQFHWKHLQFHSWLRQRIWKH0$36YLVSURMHFW
All sightings will be validated in Bremerhaven and will support the development of a 
species distribution model.
Automatic detection of whale spouts 
7KHQHZO\GHYHORSHGDXWRGHWHFWLRQDOJRULWKPKDVEHHQRSHUDWLRQDOVLQFH-DQXDU\
GHOLYHULQJDXWRGHWHFWLRQVRIEORZLQJFHWDFHDQV)LJV)DOVH
DODUPV ZHUH PDLQO\ LQGXFHG E\ D IDVWPRWLRQ RI WKH KRUL]RQ LQGXFHG GXH WR IDOVH
JLPEDOPRWLRQFRPSHQVDWLRQDQGVZDUPVRIELUGV2QDQXPEHURIWLPHVWKHV\VWHP
WULJJHUHGDODUPVEHIRUHDQ\REVHUYHURUQDXWLFDORIÀFHUVSRWWHGDFXH7KHVHHYHQWV
ZHUHUHSRUWHGWRWKHEULGJHDQGGHGLFDWHGREVHUYHUVWRYHULI\WKHGHWHFWLRQDQGLGHQWLI\
WKH VSHFLHV ,I YLVXDO VSHFLHV LGHQWLÀFDWLRQZDV QRW SRVVLEOH WKHPiP images were 
YLVXDOO\DQDO\]HGIRUIRRWDJHRIWKHZKDOH
7KHFROOHFWHGYLVXDOZKDOHEORZORJVDQGSKRWRJUDSKVDUHH[SHFWHGWRSURYHVXIÀFLHQW
WUDLQLQJGDWDIRUWKHFODVVLÀFDWLRQE\DVXSHUYLVHGOHDUQLQJDOJRULWKP
7KH QHZO\ LQWURGXFHG PiP V\VWHP ZRUNHG PRVW VDWLVIDFWRU\ DQG ZDV FDSDEOH RI
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capturing several hundred images of whales after automatic detections (with a total 
RILPDJHÀOHVUHFRUGHG7KHPPWHOHOHQVKRZHYHUKDGDPDJQLÀFDWLRQ
ZKLFKZDVWRRVPDOOIRUVSHFLHVLGHQWLÀFDWLRQLIWKHDQLPDOLVDWDGLVWDQFHJUHDWHUWKDQ
DSSUR[LPDWHO\NP7KHDYDLODEOHH[DPSOHVVKRZWKDWKXPSEDFNVDWWKDWGLVWDQFHRI
NPFDQEHLGHQWLÀHG\HWRQO\GXHWRWKHLUXQLTXHERG\VKDSH,WLVSODQQHGWRDGG
D[PDJQLÀHUDQGUHSODFHWKH]RRPOHQVPPE\DÀ[HGIRFXVPP
OHQV)LQDOO\WKHPHWDOKRXVLQJRIWKHFDPHUDSURYHGWREHWRRKHDY\VORZLQJWKH378
GRZQZKLFKZLOOEHUHPHGLHGE\UHSODFHPHQWZLWKDSODVWLFKRXVLQJ
Fig. 5.2.3:  Polarstern’s cruise track, marking location at which the FIRST Navy scanner was 
operational in magenta and locations of permanently recorded images for retrospective analysis 
marked in blue. Whale sightings with a precise timestamp are shown as green dots.
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)LJ0DJQLÀFDWLRQRI)LJIRUWKHUHJLRQRIWKH$QWDUFWLF3HQLQVXOD
)LJ0DJQLÀHGVHFWLRQVRIWKHFUXLVHSORWIRUWKH:HGGHOO6HDWUDQVHFWVKRZLQJWKHFRQFXUUHQWO\
recorded data
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)LJ0DJQLÀHGVHFWLRQVRIWKHFUXLVHSORWIRUWKH*UHHQZLFKPHULGLDQWUDQVHFWIURP&DSH7RZQ
to Atka Bay, showing the concurrently recorded data
Fig. 5.2.7: Overview of all sightings entered into the Walog software during the expedition 
ANT- XXVII/2
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Data description and metadata will be accessible through the Pangaea database, 
KRZHYHUDV WKH LPDJHGDWDRFFXS\PRUH WKDQ7HUDE\WHV LWZLOOQRWEHDYDLODEOH
online.
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3&RUQHOO8QLYHUVLW\
Objectives
Detecting marine mammals using their vocalisations is an alternative to the traditional 
visual sighting methods or automated methods based on machine vision utilizing 
video or infrared cameras. The main advantages of passive acoustic monitoring are a 
ORQJGHWHFWLRQUDQJHVHYHUDOORZIUHTXHQF\YRFDOLVDWLRQVRIFHWDFHDQVFDQEHKHDUG
RYHUKXQGUHGVRINLORPHWUHV LQGHSHQGHQFHRIZHDWKHUDQGOLJKWFRQGLWLRQVDQGWKH
SRVVLELOLW\ WR FRQGXFW ORQJ WHUPPRQLWRULQJ XVLQJPRRUHG UHFRUGHUV:KLOH VLJKWLQJ
EDVHGGHWHFWLRQUHTXLUHVVHDRUDLUERUQHVXUYH\VDQGLVWKXVUHVWULFWHGWRH[SHGLWLRQ
WUDFNV SDVVLYH DFRXVWLF PRQLWRULQJ 3$0 SURYLGHV D XQLTXH RSWLRQ WR GHWHUPLQH
WKH VSDWLDOWHPSRUDO GLVWULEXWLRQV RI YRFDOL]LQJPDULQHPDPPDOV HVSHFLDOO\ IRU WKH
LFH FRYHUHG DUHDV RI WKH6RXWKHUQ2FHDQZKHUH DFFHVVLELOLW\ LV H[WUHPHO\ GLIÀFXOW
GXULQJDXVWUDOZLQWHU7KH3$/$2$3HUHQQL$/$FRXVWLF2EVHUYDWRU\LQWKH$QWDUFWLF
2FHDQREVHUYDWRU\DWWKH(NVWU|P,FH6KHOIFRQWLQXRXVO\UHFRUGHGWKHVRXQGVFDSH
LQ WKH YLFLQLW\ RI$WND%D\ VLQFH  DQG SURYLGHG DZHDOWK RI NQRZOHGJH RQ WKH
SUHVHQFHDQGEHKDYLRXURIZKDOHVDQGVHDOVLQWKLVDUHD%\DGGLQJUHFHQWO\GHYHORSHG
DFRXVWLF UHFRUGHUV WR WKHRFHDQRJUDSKLF+$)26PRRULQJDUUD\ VHHZHXWLOL]H
this well established infrastructure to extend the coverage of acoustic monitoring to 
VLJQLÀFDQW SDUWV RI WKH:HGGHOO 6HD WR GHWHUPLQH WKH GLVWULEXWLRQ DQGPLJUDWLRQ RI
PDULQHPDPPDOV$QHFHVVDU\SUHUHTXLVLWHWRDQDO\]H3$0GDWDRQVSHFLHVOHYHOLV
WKHNQRZOHGJHRIWKHDFRXVWLFUHSHUWRLUHRIWKHVSHFLHVRILQWHUHVW7KLVFDQRQO\EH
DFTXLUHGE\VLPXOWDQHRXVO\DFTXLULQJDFRXVWLFÀHOGUHFRUGLQJVDQGYLVXDOLGHQWLÀFDWLRQ
RIDVLQJOHDQLPDO:KLOHIRUPDQ\PDULQHPDPPDOVWKHLUUHVSHFWLYHVRXQGVDUHDOUHDG\
well known for some species their underwater vocal repertoire remains unknown as 
\HWHJ$QWDUFWLFPLQNHZKDOHHOHSKDQWVHDOLIDWDOOH[LVWHQW
$QRWKHUJRDORIXVLQJELRDFRXVWLFPHWKRGV LV WRXQGHUVWDQGWKH LQÁXHQFHRIKXPDQ
DFWLYLWLHVWRPDULQHDQLPDOV0DQ\VHDERUQHDFWLYLWLHVJHQHUDWHQRLVHRULQWHQWLRQDOO\
use underwater sound for data acquisition. Echo sounders for navigation or reckoning, 
DLUJXQVIRUJHRSK\VLFDOUHVHDUFKRUH[SORUDWLRQDQGYDULRXVRWKHUDQWKURSRJHQLFVRXQG
VRXUFHVPD\KDYHQRWDEOHHIIHFWVRQPDULQH OLIH3DVVLYHDFRXVWLFV LVDFRQYHQLHQW
ZD\WRDFTXLUHERWKWKHDQWKURSRJHQLFVRXQGVLJQDODQGDSRVVLEOHDFRXVWLFUHDFWLRQ
RIDQLPDOV WR LWQHFHVVDU\ UHTXLVLWHV WRXQGHUVWDQG WKH UHODWLRQVKLSDQG WRGHYHORS
PHWKRGVWRPLWLJDWHSRVVLEO\QHJDWLYHHIIHFWV
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PRRUHGUHFRUGHUV3$/$2$REVHUYDWRU\DQGÀHOGUHFRUGLQJV
Work at sea
During the cruise we recovered three moored acoustic recorders; one was inaccessible 
GXHWRLFHFRQGLWLRQV,QDGGLWLRQDWRWDORIDFRXVWLFUHFRUGHUVZHUHGHSOR\HGLQ
PRRULQJV'XULQJWKHVXSSO\RI1HXPD\HU,,,6WDWLRQZHSHUIRUPHGPDLQWHQDQFHDQG
FDOLEUDWLRQZRUNDWWKH3$/$2$DFRXVWLFDOREVHUYDWRU\RQWKH(NVWU|P,FH6KHOIDQG
FROOHFWHG WKHGDWDUHFRUGHGGXULQJ'XULQJ WKH5RWKHUDEDVHVXSSO\ZHPDGH
K\GURSKRQHÀHOGUHFRUGLQJVZLWKVXSSRUWIURP%$6IURPWKHVKRUHRI5RWKHUDED\
Recovery of moored recorders
'XULQJ$17;;,9 LQ0DUFK  WZR DXWRQRPRXV UHFRUGHUV RI W\SH$85$/0
PDQXIDFWXUHGE\0XOWL(OHFWURQLTXH&DQDGDKDGEHHQGHSOR\HGDQGZHUHUHFRYHUHG
VXFFHVVIXOO\GXULQJWKLVFUXLVH7DEOH)LJ%RWKGHYLFHVZHUHVWLOORSHUDWLRQDO
DQG UHFRUGHG VLQFH  GD\V 7KH\ ZHUH HTXLSSHG ZLWK DONDOLQH EDWWHULHV %RWK
UHFRUGHUVGLGUHFRUGPLQXWHVDWIRXUKRXUO\LQWHUYDOVVWDUWLQJDWPLGQLJKWHDFKGD\
The sampling rate was 32,000 Hz and data was digitized with 16 Bit resolution to WAV 
ÀOHVDQGVDYHGRQD*%KDUGGLVN7KHLQWHUQDODPSOLÀHUZDVVHWWRG%JDLQ
(YHU\WKGD\DWQRRQRQO\DIHZVHFRQGVZHUHUHFRUGHGLQVWHDGRIWKHÀYHPLQXWH
SHULRGSUREDEO\GXH WRDÀUPZDUHEXJ7KLVSUREOHPPDGHGDWDH[WUDFWLRQGLIÀFXOW
EHFDXVHRIXQHTXDOO\VL]HGGDWDEORFNVLQWKHLQWHUQDO:$9ÀOHV$0$7/$%SURJUDP
ZDVGHYHORSHGWRUHPHG\WKLVSUREOHPDQGWRH[WUDFWWKHFRUUHFWPLQXWHVHTXHQFHV
WR VLQJOH WLPH VWDPSHG ÀOHV QDPHG ´QQQQ \\\\PPGG++0066$85$/Q:$9µ$
VKRUW SUHOLPLQDU\ DQDO\VLV FRQWDLQLQJ ZDYHIRUP VSHFWURJUDP DQG SRZHU VSHFWUXP
SORWVZDVVDYHGDVFRUUHVSRQGLQJO\QDPHGMSHJÀOHVWRDOORZIRUIDVWYLVXDOLQVSHFWLRQ
RIHDFKÀOH(DFK$85$/UHFRUGHUVWRUHGÀOHVRIPLQXWHVLHDERXWPLQXWHVRI
DXGLRSHUGD\UHVXOWLQJLQKRXUVSHU\HDU,QWRWDOIRUWKHGD\VRIGHSOR\PHQW
ÀOHVZRUWKKRXUVRUGD\VRIDXGLRZHUHFROOHFWHG
In December 2008 during ANT-XXV/2, two additional MARUs (Marine Autonomous 
5HFRUGLQJ8QLWV KDG EHHQ GHSOR\HG DW DERXW P GHSWK LQ FROODERUDWLRQZLWK
WKH%LRDFRXVWLFV5HVHDUFK3URJUDP%53DWWKH/DERUDWRU\RI2UQLWKRORJ\&RUQHOO
8QLYHUVLW\1<7DEOH2QHRIWKHPFRXOGEHUHFRYHUHGGXULQJWKLVFUXLVHZKLOHWKH
other one was inaccessible due to dense pack ice covering its position. When MARU 
#1 was opened, a small amount of water (a few cm3ZDVIRXQGLQVLGHWKH%HQWKRV
VSKHUH%DWWHULHVZHUHHPSW\DQGWKHKDUGGLVNZDVQRWDFFHVVLEOHLQDQ\QRUPDOZD\
+RZHYHUDORZOHYHOGXPSRIWKHSK\VLFDOVHFWRUOD\RXWSURGXFHGDGLVNLPDJHÀOHLQ
ZKLFKVHFWLRQVFRQWDLQLQJDFRXVWLFGDWDFRXOGEHLGHQWLÀHG$0$7/$%SURJUDPZDV
then developed to retrieve the data structures from that. It revealed that the device 
KDGUHFRUGHGVXFFHVVIXOO\IRUDERXWRQH\HDUKRZHYHUZLWKWKHODVWGDWDVHWVEHLQJ
LQFRPSOHWHSUREDEO\GXHWRWKHORZEDWWHU\VWDWH3UREDEO\WKHODVWDWWHPSWWRZULWHWR
GLVNKDGGHVWUR\HGWKHSDUWLWLRQWDEOH1HYHUWKHOHVVZHZHUHDEOHWRH[WUDFWDOO
KRXUO\ UHFRUGV RI VL[PLQXWH DXGLR ÀOHV IURP WKH GLVN FRYHULQJ   WLOO
DQGVXPPLQJXSWRKRXUVRIDXGLRGDWD$OOÀOHVZHUHVDYHGWR
WLPHVWDPSHG:$9ÀOHV+]VDPSOLQJUDWH%LWUHVROXWLRQJDLQVHWWLQJG%
/6% G%VDWXUDWLRQ G%QDPHG´ QQQQ\\\\PPGG++00660$58:$9µ
$VKRUWSUHOLPLQDU\DQDO\VLVFRQWDLQLQJZDYHIRUPVSHFWURJUDPDQGSRZHUVSHFWUXP
SORWVZDVVDYHGDV´QQQQ\\\\PPGG++00660$58MSJµ WRDOORZIRU IDVWYLVXDO
LQVSHFWLRQRIWKHÀOHV7KHUHFRUGLQJVFRQWDLQDVWURQJ+]VLJQDOZLWKKDUPRQLFV
ZKLFKKDGEHHQLGHQWLÀHGSUHYLRXVO\E\%53DVDSUREOHPZLWKWKH0$58ҋVGRXEOH
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EXEEOHFRQÀJXUDWLRQ$GGLWLRQDOO\DKDUGGULYHVSLQXSQRLVHLVSUHVHQWLQHYHU\ÀOHDW
H[DFWO\WKHWKLUGPLQXWH
Table 5.3.15HFRYHU\RIPRRUHGDXGLRUHFRUGHUV
0RRULQJ 3RVLWLRQ Water
Depth
Deployment
Date
Recovery 
Date
Device S/N Recorder
Depth
MARU#1 59°10.28‘S 000°00.39‘ E 4838 m 12.12.2008 
18:00
12.12.2010
03:00
MARU 5 4798 m
MARU#2 64°05.07‘S000°05.24‘ W 5194 m 14.12.2008 
10:00
not recovered MARU 1 5144 m
AWI 230-6 66°01.13‘S  000°04.77‘E 3577 m 08.03.2008 
14:00
16.12.2010
15:47
AURAL 086 200 m
AWI 232-9 68°59.74‘S 000°00.17‘ E 3419 m 11.03.2008 
14:00
19.12.2010
06:28
AURAL 085 216 m
Deployment of moored recorders
%RWKUHFRYHUHG$85$/UHFRUGHUVZHUHÀWWHGZLWKQHZEDWWHU\SDFNV6$)7/LWKLXP
/6QHZ]LQFDQRGHVWKHSUHVVXUHSRUWVZHUHUHÀOOHGZLWKJUHDVH7KHKDUGGLVN
ZDV IRUPDWWHG H[WHUQDOO\ WR )$7 XVLQJ /LQX[ EHFDXVH ZH REVHUYHG UHFRUGLQJ
SUREOHPVZKHQXVLQJWKHIRUPDWWLQJSURJUDPVXSSOLHGE\0XOWL(OHFWURQLTXH$85$/
SN 86 was started 29.12.2010 13:00 and set to interval=180 min, duration=4:30 min, 
ÀOHVL]H 0% JDLQ G% ,W LV H[SHFWHG WR UHFRUG XQWLO $85$/61 
was started at 4.1.2010 12:00, a restart was issued at 5.1.2010 18:00. Settings are: 
LQWHUYDO PLQ GXUDWLRQ PLQ ÀOHVL]H 0% JDLQ G% ,W LV H[SHFWHG WR
record until 4.2.2014.
$GGLWLRQDOO\  QHZ 6RQR9DXOW PDQXIDFWXUHU 'HYHORJLF *HUPDQ\ UHFRUGHUV ZHUH
GHSOR\HG7KHVHQHZO\GHYHORSHGXQGHUZDWHUUHFRUGHUVXVHD5(621K\GURSKRQH
DQGFDQUHFRUGDW%LWUHVROXWLRQ%LWHIIHFWLYHZLWKXSWRN+]VDPSOLQJUDWH
DQG%LW'DWD%LWHIIHFWLYHUHVROXWLRQZLWKXS WRN+]VDPSOLQJ7KH\DUH
HTXLSSHGZLWK7HUDE\WHRIPHPRU\PHPRU\PRGXOHVKRXVLQJ*%6'FDUGV
HDFK 2SWLRQDOO\ D '63 ERDUG FDQ SHUIRUP YDULRXV VLJQDO SURFHVVLQJ WDVNV 7KH\
were set to continuous recording to 24 Bit WAV format at a sample rate of 5,333 Hz.
7KLV DOORZV IRU WKUHH \HDUV RI FRQWLQXRXV VRXQGDFTXLVLWLRQ:HXVHG YDULRXV JDLQ
VHWWLQJVVHH7DEOHWRGHWHUPLQHWKHRSWLPDOVHWWLQJIRUODWHUGHSOR\PHQWV'XULQJ
WKH FUXLVH VRPHPRGLÀFDWLRQVZHUH VXJJHVWHG E\ WKHPDQXIDFWXUHU HVSHFLDOO\ WKH
DGGLWLRQRIDNUHVLVWRUWRWKH$'ERDUGWRFRPSHQVDWHIRU'&GULIWDWGHSWK3ULRU
WR GHSOR\PHQW WKH ÀUPZDUH9HUVLRQZDVXSORDGHG WR DOO ERDUGVUHFRUGHUV EXW
61:HWULHGWZRW\SHVRIRULQJVRIGLIIHUHQWWKLFNQHVVWRÀ[WKHK\GURSKRQHWRWKH
SUHVVXUHKRXVLQJWRGHWHUPLQHWKHEHVWORZIUHTXHQF\GHFRXSOLQJIURPWKHPRRULQJ
7ZRVKRUWWHVWGHSOR\PHQWVRQDK\GURJUDSKLFZLUHZHUHSHUIRUPHGRQ'HFHPEHU
RQVWDWLRQ36PDQGRQ'HFHPEHURQ
VWDWLRQ36PWRHYDOXDWHWKHUHFRUGLQJEHKDYLRXUDWLWVQRPLQDOGHSWK
$Q DGGLWLRQDO 6RQR9DXOW ZDV GHSOR\HG GXULQJ WKH ÀUVW OHJ RI WKLV H[SHGLWLRQ$17
XXVI/l in mooring AWI 2471 and is also included in the following tables and maps. 
7KLVPRRULQJҋVSRVLWLRQRIIWKHFRDVWRI1DPLELDZDVFKRVHQWRJDWKHUFRPSOHPHQWDU\
information about whale presence in the presumed winter and breeding locations of 
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 2FHDQDFRXVWLFVPRRUHGUHFRUGHUV3$/$2$REVHUYDWRU\DQGÀHOGUHFRUGLQJV
EOXHDQGÀQZKDOHVZKLFKDUHWKRXJKWPLJUDWLQJIRUWKDQGEDFNWRWKH6RXWKHUQ2FHDQ
7KHVDPSOHUDWHRI WKLVXQLWZDVVHW WR+]VOLJKWO\GLIIHUHQW WKDQ IRU WKH ODWHU
ones.
7KUHH &32'V 32USRLVH FOLFN 'HWHFWRUV PDQXIDFWXUHG E\ 1LFN 7UHJHQ]D ZHUH
GHSOR\HGDGGLWLRQDOO\WRJHWKHUZLWKWKUHHUHFRUGHUV7KHVH32'VDUHIUHTXHQWO\XVHG
in the North and Baltic Seas to detect the echolocation clicks of harbour porpoises. 
+HUHZHVHWWKHFOLFNGHWHFWRUWRDEURDGHUIUHTXHQF\UDQJH$OO&32'V,'V
DQGZHUHVHWWRUHFRUGFOLFNHYHQWVFRQWLQXRXVO\ZLWKRXWOLPLWVWRWKHQXPEHURI
FOLFNVHYHQWVWKDWLVORJJHGSHUPLQXWH7KHEXLOGLQKLJKSDVVÀOWHUZDVVHWWRN+]
)RUGHSOR\PHQWWKH&32'VZHUHVHWWRVWDUWUHFRUGLQJHYHQWVLPPHGLDWHO\QRGHOD\
EHWZHHQDFWLYDWLRQDQGRQVHWZLWKDVZLWFKDQJOHRIGHJUHHVLHWKH&32'
VWRSVORJJLQJZKHQK\GURSKRQHFDSÁRDWVKLJKHUWKDQOLGRI&32'7KHFRPELQDWLRQ
RIWKHVHKLJKIUHTXHQF\FOLFNGHWHFWRUVZLWKWKHDFRXVWLFZDYHIRUPUHFRUGHUVZLOODOORZ
evaluating the performance for beaked whale detection in Antarctic waters. 
7DEOH'HSOR\PHQWVRIPRRUHGDXGLRUHFRUGHUV
Mooring Position
Water
depth
'HSOR\HG Device S/N
Device
depth
Gain &ORFN
calib
Remark
AWI 
247-1
20° 58.90‘ S
05° 59.59‘ E
4288 m 20.11.2010 11:40 SonoVault 0001 789 m 60 32768 3
AWI 
227-11
59° 03.02‘ S
00° 06.63‘ E
4597 m 11.12.2010 16:45 SonoVault 0002 1007 m 10 43472
AWI 
229-9
63° 59.56‘ S
00° 02.65‘ 
W
5170 m 15.12.2010 15:17 SonoVault 1000 969 m 253 44114 1
AWI 
230-7
66° 01.90‘ S
00° 03.25‘ E
3540 m 16.12.2010 18:45 SonoVault 1001 934 m 315 43500 1
AWI 
231-9
66° 30.71‘ S
00° 01.51‘ W
4524 m 17.12.2010 10:27 SonoVault 1002 1083 m 253 42778 1,2
AWI 
232-10
69° 00.11‘ S 
00° 00.11‘ W
3344 m
19.12.2010 08:57
                     9:11
SonoVault 1003 1288 m 315 44030 1,2
&32' 846 2046 m - -
AWI 
244-2
69° 00.30‘ S
06° 58.89‘ W
2900 m 23.12.2010 09:34 SonoVault 1005 903 m 315 44010 1,2
AWI 
245-2
69° 03.52‘ S
17° 23.05‘ W
4740 m 27.12.2010 10:40 SonoVault 1004 1051 m 315 43694 1,2
AWI 
209-6
66° 36.70‘ S
27° 07.31‘ W
4830 m 29.12.2010 12:25 AURAL 086LF 200 m 22 dB -
AWI 
207-8
63° 43.20‘ S
50° 49.54‘ W
2500 m
06.01.2011 11:02
                   11:47
AURAL 085LF 219 m 22 dB -
&32' 845 2101 m - -
AWI 
206-7
63° 28.93‘ S
52° 05.87‘ W
950 m
06.01.2011 20:32 
                   20:25
SonoVault 1006 909 m 253 43500 1,2
&32' 844 709 m - -
Remarks: 1: 150 kOhm Resistor soldered to board, 2: Thick O-Rings used for 
K\GURSKRQHVXVSHQVLRQ)LUPZDUH9HUVLRQ
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PALAOA maintenance
7KH 3$/$2$ REVHUYDWRU\ LV GHVLJQHG IRU DXWRQRPRXV RSHUDWLRQ \HDU URXQG ,Q
FRQWUDVWWRWKHRWKHU1HXPD\HUREVHUYDWRULHVQRRYHUZLQWHUHULVSHUPDQHQWO\DVVLJQHG
WRWKHPDLQWHQDQFHRI3$/$2$7KHHOHFWURQLFVHQJLQHHULVUHVSRQVLEOHIRUQHFHVVDU\
UHSDLUV7KXVUHJXODUO\PDLQWHQDQFHKDVWREHSHUIRUPHGGXULQJVXPPHUVHDVRQ7KLV
\HDUZHKDGWZRGD\VGXULQJWKHVXSSO\RI1HXPD\HUE\Polarstern for this work. In 
SDUWLFXODUO\ZHFRQGXFWHGWKHIROORZLQJWDVNVRQDQG'HFHPEHU
- ,QVSHFWLRQDQGFOHDQLQJXSRI WKHREVHUYDWRU\:KHQZHDUULYHG WKHFRQWDLQHU
ZDV IRXQG SDUWO\ ÀOOHGZLWK VQRZ:H UHPRYHG DOO WKH VQRZDQG DOO WKH SDUWV
left from repairs during wintertime. (Because of the extreme cold during these 
RSHUDWLRQVDFWLRQVDUHXVXDOO\UHVWULFWHGWRWKHDEVROXWHO\QHFHVVLWLHVWRUHVWRUH
RSHUDWLRQ&OHDQLQJXSLVOHIWWRWKHVXPPHUYLVLWV
- ,QVWDOODWLRQ RI D UHDO WLPH FORFN D WLPHU UHOD\ DQG QHZ ÀUPZDUH IRU WKH 3/&
FRQWUROOHUXQLW7KLVZLOOHDVHWKHSURFHVVRIUHFRYHU\DIWHUSRZHUORVVHQDEOLQJ
DWLPHVFKHGXOHGRSHUDWLRQPRGHGXULQJORZHQHUJ\VXSSO\DQGWKHSRVVLELOLW\WR
PRGLI\WKHÀUPZDUHUHPRWHO\,QFDVHRISRZHUIDLOXUHRULQWHQWLRQDOVKXWGRZQWKH
VWDWLRQZLOOWU\WRUHERRWHYHU\GD\DW87&$GGLWLRQDOO\WKH,ULGLXPSKRQH
will power on at noon for 10 minutes to allow contact in case of failed contact.
- 5HSDLU DQG UHLQVWDOODWLRQ RI WKH ORZHQHUJ\ 3& 7KH KDUG GULYH KDG FUDVKHG
DQGZDVUHSODFHGE\DQHZVROLGVWDWHGLVNGULYHDQGWKH3&ZDVUHLQVWDOOHGLQ
the container, restoring two features: stand alone operation with recording to a 
ORFDOGLVNZKHQWKH:/$1OLQNWR1HXPD\HU6WDWLRQLVGRZQDQGWKHXVHRIWKH
DGGLWLRQDOKLJKTXDOLW\DXGLRV\VWHPWRPDNHWLPHGUHFRUGLQJVDWN+]%LW
uncompressed WAV mode in addition to the default 48 kHz/16 Bit/192 kBit MP3 
recordings.
- We replaced a fuse compartment with oxidized contacts which had led to problems 
ZLWKRQHEDWWHU\VHFWLRQDQGDOVRWKHFRPSXWHUNH\ERDUGZKLFKZDVGDPDJHGE\
the snow inside the container.
- 7KHGDWDVHUYHUDW1HXPD\HUZDVSURYLGHGZLWKVRIWZDUHXSGDWHVDQGQHZ7%
KDUGGLVNV$KRWVSDUHZDVSUHSDUHGIRULQVWDOODWLRQLQWKH1HXPD\HUFRPSXWHU
room.
- 7ZRUHSODFHPHQWIXHOFHOOVZHUHVWRUHGDW1HXPD\HUDVEDFNXSHQHUJ\VRXUFHV
IRUGDUNDQGFDOPSHULRGV LQDXVWUDOZLQWHU7KHVH6)&()2<3UR&XEH
fuel cells can deliver up to 60 watts for about two month from a 60 litre tank of 
PHWKDQRO)RUGHSOR\PHQW LQ WKHH[WUHPHO\FROGHQYLURQPHQWRI$QWDUFWLFD XS
WR&ZHKDYHGHYHORSHGDQGLQVWDOOHGDQDXWRPDWHGH[KDXVWKRVHKHDWLQJ
V\VWHPWRDYRLGFORJJLQJIURPFRQGHQVLQJZDWHUVWHDPXVLQJDPLQLPDODPRXQW
RIHQHUJ\LWVHOI$UHSODFHPHQWZLQGJHQHUDWRU:LQG6LGH7\SH$ZDVVWRUHG
DW1HXPD\HUIRUWKHFDVHRIIDLOXUHRIWKHRULJLQDORQH$UHSODFHPHQWIRUWKHGRRU
ZDVSURYLGHGIRUODWHULQVWDOPHQWE\WKHWHFKQLFDOVWDII7KHVSDUHSDUWVWRFNDW
1HXPD\HUZDVLQVSHFWHGDQGRXWGDWHGFRPSRQHQWVZHUHSUHSDUHGIRUVKLSSLQJ
EDFNWR*HUPDQ\
- 7KH 3$/$2$ REVHUYDWRU\ DOVR KRVWV D &7' 6%( 6030LFUR&$7 ZKLFK
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 2FHDQDFRXVWLFVPRRUHGUHFRUGHUV3$/$2$REVHUYDWRU\DQGÀHOGUHFRUGLQJV
LV UHFRUGLQJ FRQWLQXRXVO\ VLQFH 'HFHPEHU  DW KDOIKRXUO\ LQWHUYDO ,WV
intentional purpose was to determine the local speed of sound for precise 
DFRXVWLFPHDVXUHPHQWV+RZHYHU WKHÀYH\HDU WLPHVHULHVRIXQGHU LFHVKHOI
oceanographic data has turned out to be interesting itself. While the PALAOA 
VHWXSGRHVQRWIHDWXUHDFXUUHQWPHWHUWKHIUHHKDQJLQJ&7'LVGLVSODFHGE\WKH
under-ice current, resulting in changing depth readings. These depths should 
be a monotonic function of the magnitude of the local current, and thus should 
allow determining the speed of the current from the depth data. When Polarstern
EHUWKHG DW WKH ´1RUGDQOHJHUµ ҋ 6 ҋ: IURP 'HFHPEHU
XQWLO'HFHPEHUWKH$'&3UHFRUGHGWKHFXUUHQWSURÀOH
beneath the ship at a horizontal distance of 1,000 m to PALAOA. The ships DWS 
'HHS:DWHU6RXQGHUDOVRFRQWLQXRXVO\UHFRUGHGWKHZDWHUGHSWKDWWKLVSRVLWLRQ
thus providing a tidal gauge to compare the real local tide with data obtained from 
a model. After PolarsternOHIWWKHLFHSRUWD&7'VWDWLRQQXPEHUZDV36
DW'HFHPEHURQҋ6ҋ:GHSWKPZDVWDNHQ
LQVLGH$WND%D\DVFORVHWRWKHSDFNLFHDVSRVVLEOHLQRUGHUWRJHWDUHIHUHQFH
PHDVXUHPHQWIRUWKH3$/$2$&7'GDWD
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Fig. 5.3.1: Map of locations of moored acoustic recorders and the PALAOA observatory
Field Recordings at Rothera
When PolarsternDUULYHGDW5RWKHUDEDVHZHZHUHLQIRUPHGE\%ULWLVK$QWDUFWLF6XUYH\
personnel that elephant seals inhabit the beaches of the station since few weeks. As 
no underwater vocalisation of southern elephant seals is known so far, this seemed 
D XQLTXH RFFDVLRQ WR SRVVLEO\ REWDLQ UHFRUGLQJV IURP WKHVH DQLPDOV:H MRLQHG D
ELRORJLVW6LPRQ5HHYHVIURP%$6WRPDNHK\GURSKRQHUHFRUGLQJVDWWKUHHORFDWLRQV
of the peninsula, opposite to the wharf with Polarstern, to escape the ship’s noise. We 
GHSOR\HGWKHK\GURSKRQHDWDERXWPGLVWDQFHIURPWKHEHDFKDWDZDWHUGHSWKRI
DERXWP7KHK\GURSKRQHZDVORFDWHGLQDGHSWKRIDERXWFP$=RRP+1
ÀHOGUHFRUGHULQDZDWHUWLJKWEDJZDVXVHGWRGLJLWL]HWKHK\GURSKRQHVLJQDODWN+]
WR%LW:$9ÀOHV$WORFDWLRQWKHUHFRUGHUZDVSODFHGRQDEXR\DQWSODWIRUPKHOGLQ
SODFHE\DOLWWOHDQFKRUVWRQH:HGLGUHFRUGIRUDERXWPLQXWHV$PSOLÀFDWLRQVHWWLQJ
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RIWKH=RRPZDV$WORFDWLRQV	ZDYHVZHUHWRRVWURQJIRUWKLVPHWKRGVR
WKHUHFRUGHUDQGWKHK\GURSKRQHFDEOHKDGWREHKHOGE\KDQGDOOWKHWLPH5HFRUGLQJ
WLPHVZHUH[PLQXWHVDWUHVSHFWLYHDPSOLÀFDWLRQVHWWLQJDWORFDWLRQ
DQGPLQXWHVDWJDLQDWORFDWLRQ
3UHOLPLQDU\UHVXOWV
7KH WRWDO DPRXQW RI FROOHFWHG DFRXVWLF GDWD ²  KRXUV RU  GD\V IURP WKH 
UHFRYHUHGUHFRUGHUVDQGPRUHWKDQKRXUVRUGD\VUHWULHYHGIURP3$/$2$
 PDGH LW LPSRVVLEOH WR DWWHPSW D FRPSUHKHQVLYH DQDO\VLV GXULQJ WKLV H[SHGLWLRQ
+RZHYHU ZHZHUH DEOH WR JHW ÀUVW UHVXOWV IURP LQVSHFWLQJ RQO\ D VPDOO DPRXQW RI
WKHÀOHV:HFRXOGFOHDUO\LGHQWLI\FUDEHDWHUDQGOHRSDUGVHDOVEOXHKXPSEDFNDQG
ÀQZKDOHVDQG WKHXQLGHQWLÀHG ´ELRGXFNµVLJQDO LQ WKHVHÀOHV([WHQVLYHDQDO\VLVRI
WKHFRPELQHGGDWDIURPDOOUHFRUGHUVDQG3$/$2$LVH[SHFWHGWRSURYLGH\HDUURXQG
GLVWULEXWLRQDQGPLJUDWLRQGDWDRIPDQ\PDULQHPDPPDOVSHFLHV
Since the beginning of the PALAOA observations in 2006, a signal at 26.8 Hz is present 
in most of the PALAOA recordings. We were not sure about the origin of the signal and 
HYHQFRXOGQRWUXOHRXWDQHOHFWURQLFDUWHIDFWEHFDXVHRIWKHTXDVLFRQWLQXRXVQDWXUH
RIWKLVVLJQDO+RZHYHUZHIRXQGWKHH[DFWVDPHIUHTXHQF\WREHSUHVHQWRQDOOWKUHH
PRRUHGUHFRUGHUVGXULQJPXFKRI WKH WLPH WRR7KLVDOPRVWH[FOXGHVDQ\ WHFKQLFDO
LQWHUIHUHQFH DV WKUHH WHFKQLFDOO\ FRPSOHWHO\ GLIIHUHQW V\VWHPV RQ IRXU ORFDWLRQV
VHSDUDWHGHDFKE\KXQGUHGVRINLORPHWUHVDUHXQOLNHO\WRVXIIHUIURPWKHVDPHQRLVH
6RLWLVPRVWOLNHO\DVRXQGSHUPHDWLQJWKHHQWLUH:HGGHOO6HD,QVHYHUDOUHFRUGLQJVE\
WKHPRRUHGUHFRUGHUVZHFRXOGFOHDUO\LGHQWLI\´=µVKDSHGFDOOVZLWKWKHLUPDLQHQHUJ\
H[DFWO\DW+])LJµ=µVKDSHGFDOOVDUHDWWULEXWHGWREOXHZKDOHV6RZH
FDQ FRQFOXGH WKDW EOXH ZKDOHV DUH DFRXVWLFDOO\ SUHVHQW DOPRVW FRQWLQXRXVO\ LQ WKH
Weddell Sea. Assuming source levels from literature and modelling the transmission 
SURSHUWLHVDWWKLVIUHTXHQF\LWVKRXOGEHSRVVLEOHWRGHULYHDEXQGDQFHHVWLPDWHVIRU
UDWKHUODUJHDUHDVIURPWKHVHUHFRUGLQJV1RWDEO\ULJKWDIWHUWKHUHFRYHU\RIWKH0$58
DEOXHZKDOHZDVVLJKWHGDQGSKRWRJUDSKHGE\WKHQDXWLFDORIÀFHURQGXW\YHU\FORVH
WRWKH0$58SRVLWLRQVXJJHVWLQJWKDWEOXHZKDOHVDUHLQIDFWSUHVHQWH[DFWO\DWWKLV
DUHDDQGDWWKDWWLPHRI\HDUZKHQWKHDFRXVWLFGHWHFWLRQZDVPDGHRQH\HDUEHIRUH
)LJ6SHFWURJUDPRIEOXHZKDOHࡐ=´FDOOVUHFRUGHGE\0$58RQ'HFHPEHU.
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 2FHDQDFRXVWLFVPRRUHGUHFRUGHUV3$/$2$REVHUYDWRU\DQGÀHOGUHFRUGLQJV
7KHFDOLEUDWLRQRIWKHFXUUHQWVLJQDOIURPWKH3$/$2$&7'ZLWKWKH$'&3UHDGLQJV
from Polarstern, NLQGO\ SURYLGHG E\$0DFUDQGHU VKRZHG D KLJK FRUUHODWLRQ 7KLV
DOORZVFDOFXODWLQJDSSUR[LPDWHFXUUHQWVWUHQJWKVIURPWKH\HDU&7'GDWDVHULHVQRZ
The comparison of the echo sounder readings from Polarstern with a tide model also 
VKRZHGJRRGFRUUHVSRQGHQFHIRUWKLVORFDWLRQ)LJDQG+RZHYHU*36
data from PALAOA suggests that the ice shelf is following the ocean tide with smaller 
DPSOLWXGHZKLFKPLJKWKHOSPRGHOOLQJ WKHVWUDLQVWUHVV UHVSRQVHRI WKHÁRDWLQJ LFH
VKHOI&7'WDNHQDW$WNDED\VKRZHGOLNHWHPSHUDWXUHVWRWKH3$/$2$&7'UHDGLQJV
IURPWKDWGD\\HWZLWKDVFDWWHURIDERXW&)LJ,QWHUHVWLQJO\WKHVKLS
EDVHG&7'VKRZHGVLJQLÀFDQWO\KLJKHUVDOLQLWLHVDWFRUUHVSRQGLQJGHSWKV7KLV
PLJKWLQGLFDWHDGULIWRIWKHFRQGXFWLYLW\VHQVRUDIWHU\HDUVRIGHSOR\PHQW
Fig. 5.3.3: Echo sounder depth readings from Polarstern near PALAOA compared with the forecast 
from a tide model.
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Fig. 5.3.4: Current magnitude as measured by Polarstern‘s ADCP vs. vertical CTD displacement at 
3$/$2$&RUUHODWLRQFRHIÀFLHQWLV
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Fig. 5.3.5: Comparison of the PALAOA CTD (dots) and the Polarstern CTD (line). As the PALAOA CTD 
LVQRWLQWHQWLRQDOO\SURÀOLQJEXWGULYHQE\FXUUHQWWKHUHDGLQJVIURPKRXUVEHIRUHDQGDIWHU36&7'
are pooled.
7KHÀHOGUHFRUGLQJDW5RWKHUDGLGQRWFDWFKDQ\DQLPDOYRFDOL]DWLRQVLQVSLWHRIDJURXS
RIWKUHHFUDEHDWHUVHDOVZKLFKFORVHGLQWRDERXWPHWHUVGLVWDQFHWRWKHK\GURSKRQH
at location 1. However, for the crabeater seals this is not surprising, as PALAOA data 
shows that their underwater vocalisations are restricted to times between October and 
'HFHPEHU SUREDEO\ WKHLU PDWLQJ VHDVRQ 'LVDSSRLQWLQJO\ QR HOHSKDQW VHDOV ZHUH
spotted in the water at that time and no vocalisations could be picked up. However 
melting pieces of glacier ice produced lots of clicking sounds due to exploding 
OLWWOHEXEEOHVRIHQFORVHGSUHVVXUL]HGDLU7KLVHIIHFWSURGXFHGDVLJQLÀFDQW OHYHORI
background noise which should be taken into account when computing ocean noise 
EXGJHWVRIDUHDVDIIHFWHGE\JODFLHULFHPHOWLQJ
Data from the recovered moored recorders, in total 1,355 hours of audio, will be made 
accessible through the Pangaea database. 
5.4 Antarctic krill demography and population dynamics west of the 
$QWDUFWLF3HQLQVXODLQ
Volker Siegel1, Matilda Haraldsson2, Birgit Suer1, Paola Batta Lona3, Ute 
Mühlenhardt-Siegel3, Denis Sologub5.DW\D8U\RSRYD6
1Johann Heinrich von Thünen-Institut
2*RWKHQEXUJ8QLYHUVLW\
38QLYHUVLW\RI&RQQHFWLFXW$YHU\3RLQW
4Forschungsinstitut Senckenberg
55XVVLDQ)HGHUDO5HVHDUFK,QVWLWXWHRI)LVKHULHVDQG2FHDQRJUDSK\
60RVFRZ6WDWH8QLYHUVLW\1..ROWVRY,QVWLWXWHRI'HYHORSPHQWDO%LRORJ\
Objectives
6LQFH  NULOO GDWD KDYH EHHQ FROOHFWHG E\ *HUPDQ VXUYH\V RU E\ LQWHUQDWLRQDO
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5.4 Antarctic krill demography and population dynamics west of the Antarctic Peninsula in 2010/11
NULOO GHPRJUDSK\DQGSRSXODWLRQG\QDPLFV'XULQJPolarstern cruise ANT-XXVII/2 a 
FRQWLQXDWLRQRI WKLVDFWLYLW\ZDVFDUULHGRXWDQGVWXGLHVIRFXVHGRQ$QWDUFWLFNULOODV
WKHSULPDU\WDUJHWVSHFLHV+RZHYHURWKHUKHWHURVSHFLÀFNULOOVSHFLHVDVZHOODVVDOSV
ZHUHDOVRUHFRUGHGTXDQWLWDWLYHO\
7KH6RXWK$WODQWLFVHFWRURIWKH$QWDUFWLF²HVSHFLDOO\WKH$QWDUFWLF3HQLQVXODUHJLRQ
 LV QRW RQO\ NQRZQ DV WKH DUHDZKHUH NULOO LVPRVW DEXQGDQW LW LV DOVR WKRXJKW WR
represent the most productive spawning area of the circum-Antarctic krill populations. 
7KHVHLGHDVKDYHEHHQGHYHORSHGVLQFHWKHHDUO\Ҋ'LVFRYHU\ҋH[SHGLWLRQVZKLFKVKRZ
WKH6FRWLD6HDDVDVHDVRQDOO\LPSRUWDQWDUHDIRUWKHRFFXUUHQFHRINULOOODUYDH7KLV
LGHDZDVLQSULQFLSOHFRQÀUPHGGXULQJWKHLQWHUQDWLRQDO),%(;H[SHGLWLRQLQDQG
WKH&&$0/56XUYH\7KHVHVXUYH\VVKRZHGDODUJHDPRXQWRINULOOODUYDHLQWKH
western part of the Atlantic sector.
5HFHQW HYLGHQFH LQGLFDWHV WKDW DQ DQQXDO VXUYH\ FRYHUDJH LV QHFHVVDU\ WR IXOO\
XQGHUVWDQGWKHOLQNDJHVEHWZHHQWKHHQYLURQPHQWNULOODQGWRSSUHGDWRUV&RQFHUQLQJ
WKHNULOOSDUWRIWKHHFRV\VWHPZHKDYHWRVWXG\WKHIROORZLQJTXHVWLRQV
1. +RZGRWLPLQJDQGLQWHQVLW\RIVSDZQLQJHYHQWVUHODWHWRVXFFHVVIXOUHSURGXFWLRQ
of krill?
2. :KLFKNH\IDFWRUVWULJJHUNULOOODUYDOVXUYLYDODQGVXEVHTXHQWO\UHFUXLWPHQW"
3. &DQZHGHWHFWVLJQLÀFDQWLQWHUDQQXDOYDULDWLRQLQUHSURGXFWLYHDQGUHFUXLWPHQW
success?
4. ,VNULOOUHFUXLWPHQWVXFFHVVRUIDLOXUHUHODWHGWRVWRFNVL]HRUGHQVLW\"
5. $UHWKHUHJHRJUDSKLFDOYDULDWLRQVLQNULOOGLVWULEXWLRQSDWWHUQVGHQVLW\RUJURZWK
DQGPRUWDOLW\UDWHV"
6. How does breeding and recruitment success relate to krill stock size?
7. Are there long-term trends in krill distribution patterns as well as abundance/
ELRPDVVDQGLIVRDUHWKH\UHODWHGWRORQJWHUPWUHQGVLQWKHHQYLURQPHQW"
These questions are of complex nature and require a large amount of data collected in 
DVWDQGDUGLVHGZD\WRDOORZGLUHFWFRPSDULVRQVEHWZHHQGDWDVHWV7KH*HUPDQNULOO
GDWDKDYHEHHQFROOHFWHGRYHUWKH\HDUVZLWKVWDQGDUGJHDU507QHWDQGVWDQGDUG
methods for net sampling procedures as well as for sample handling and measuring 
and staging krill. These allow interannual comparison of quantitative aspects of krill 
GHPRJUDSK\ DQG SRSXODWLRQ G\QDPLFV 5HVXOWV IURP LQWHUGLVFLSOLQDU\ZRUNZLWK WKH
SK\VLFDORFHDQRJUDSK\ZLOODOVREHUHTXLUHGGXULQJWKHIXUWKHUDQDO\VLV
,QWKHUHFHQWSDVWLQGLFHVIRUNULOOGHQVLW\VSDZQLQJWLPLQJDQGUHFUXLWPHQWVXFFHVVKDYH
EHHQGHYHORSHGDQGVWDQGDUGLVHGE\&&$0/5$VDVHFRQGVWHSWKHVHTXDQWLWDWLYH
LQGLFHVZLOOEHGHWHUPLQHGDQGUHFRUGHGQRWRQO\TXDOLWDWLYHO\OLNHJRRGRUEDG\HDU
SRRU RU KLJK UHFUXLWPHQW HDUO\ RU ODWH VSDZQLQJ$YDLODEOH GDWD URXWLQHO\ FROOHFWHG
GXULQJWKHFUXLVHDOVRLQFOXGHVWDQGDUGLVHGOHQJWKIUHTXHQF\GLVWULEXWLRQVZKLFKDUH
HVVHQWLDOIRUFDOFXODWLRQRIJURZWKUDWHVDQGPRUWDOLW\UDWHV
121
5. BIOLOGY
Work at sea
The planned investigations were carried out in the area west of the Antarctic Peninsula 
during austral summer 2010/11, the main spawning season for the Antarctic krill. 81 
HVWDEOLVKHG VWDQGDUG VWDWLRQV ZHUH FRYHUHG DORQJ UHJXODUO\ VSDFHG WUDQVHFWV )LJ
GXULQJDVXUYH\SHULRGRIGD\VIURPWR-DQXDU\7KHDUHDH[WHQGHG
EHWZHHQ %UDQVÀHOG 6WUDLW LQ WKH QRUWK DQG $GHODLGH ,VODQG0DUJXHULWH %D\ LQ WKH
VRXWK7KHWUDQVHFWVZHUHORFDWHGSHUSHQGLFXODUWRWKHPDLQFXUUHQWÁRZDORQJWKH
Peninsula.
Fig. 5.4.1:  Station chart of the RMT1+8 net sampling and CTD casts west of the Antarctic Peninsula in 
January 2011. Solid and dotted lines indicate the location of the frontal zones.
7KHSODQNWRQQHW507HTXLSSHGZLWKDUHDOWLPHWLPHGHSWKUHFRUGHU7'5ZDV
XVHGDVVWDQGDUGJHDUWRFROOHFWNULOOVDPSOHVIURPWKHXSSHUPVXUIDFHOD\HU$
GRXEOHREOLTXHQHWWRZZDVFDUULHGRXWURXWLQHO\DWDOOVWDWLRQV7KHWRWDOWLPHRIWKH
QHWKDXOIURPVXUIDFHWRERWWRPWRVXUIDFHZDVDSSUR[LPDWHO\PLQXWHV&DOLEUDWHG
ÁRZPHWHUVZHUHXVHGWRJLYHDPHDVXUHRIQHWVSHHGGXULQJWKHKDXODVZHOODVWKH
WRWDOGLVWDQFHWUDYHOOHG7KHÁRZPHWHUZDVPRXQWHGRXWVLGHWKHQHWRSHQLQJWRDYRLG
FORJJLQJZKLFKPD\ UHGXFH WKH HIÀFLHQF\ 7KH GHSHQGHQFH RIPRXWK DQJOH WR WKH
YHUWLFDORIQHW VSHHGKDGEHHQ LQYHVWLJDWHG IRU WKH507V\VWHP 3RPPHUDQ]HWDO
7KHDYHUDJHÀOWHUHGZDWHUYROXPHRIDVWDQGDUGQHW WRZZDVDSSUR[LPDWHO\
25,000 m3
,PPHGLDWHO\DIWHUWKHWRZVDPSOHVZHUHVRUWHGIRU$QWDUFWLFNULOODQGRWKHUHXSKDXVLLG
VSHFLHV DVZHOO DV VDOS VSHFLHV7KHVHGDWDZHUH FROOHFWHGTXDQWLWDWLYHO\ IURP WKH
RMT 8. However, if the sample size was larger than one litre then a representative 
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VXEVDPSOHZDVWDNHQZLWKD)ROVRPSODQNWRQVSOLWWHUDQGDQDO\VHGVXEVHTXHQWO\.ULOO
and other euphausiids were stored in 4 % formalin-seawater solution for later length 
PHDVXUHPHQWVDQGPDWXULW\VWDJHDQDO\VHV7KHVHVDPSOHVZHUHXVXDOO\DQDO\]HG
DIWHUWZRGD\VRQERDUG%LRORJLFDOSDUDPHWHUVZHUHURXWLQHO\FROOHFWHGIURPWRWDONULOO
VDPSOHVVXFKDVOHQJWKVH[DQGPDWXULW\VWDJHVZHUHGHWHUPLQHGIURPHDFKNULOO:H
XVHGWKHҊ'LVFRYHU\ҋPHWKRGIRUE. superba, i.e. total length from the anterior margin 
RIWKHH\HWRWKHWLSRIWKHWHOVRQ0DXFKOLQH7KHVWDQGDUGXQLWLVJLYHQLQPP
EHORZZLWKDQDFFXUDF\RIPPVL]HFODVVHV$OOPHDVXUHPHQWVZHUHGRQHE\RQH
person to remove observer variation. Additional information was collected for sex and 
PDWXULW\VWDJHVRIHXSKDXVLLGVDFFRUGLQJWRWKHFODVVLÀFDWLRQHVWDEOLVKHGE\0DNDURY
DQG 'HQ\V  $ UHSUHVHQWDWLYH IUDFWLRQ RI WKH WRWDO ]RRSODQNWRQ VDPSOH ZDV
SUHVHUYHGIRUODWHUDQDO\VLVRQODQG
7KHVHGDWDZLOOEHDQDO\VHGDVSDUWRIWKH&&$0/5&RQYHQWLRQIRUWKH&RQVHUYDWLRQ
RI$QWDUFWLF0DULQH /LYLQJ5HVRXUFHV  UHODWHG UHVHDUFK DFWLYLWLHV RI WKH ,QVWLWXW IU
6HHÀVFKHUHLLQ+DPEXUJDQGUHVXOWVZLOOEHVXEPLWWHGWRWKH&&$0/5:RUNLQJ*URXS
meeting 2011 to support the monitoring of the krill stocks in the Atlantic sector and the 
PDQDJHPHQWRIWKHNULOOÀVKHU\6WXGLHVRQWKHVSDZQLQJVXFFHVVVXUYLYDOUDWHVDQG
recruitment success are essential to develop prediction models for the development of 
the krill stocks.
The estimation of the actual standing stock biomass will be based on the data collected 
FRQWLQXRXVO\GXULQJWKHVXUYH\ZLWKWKHPXOWLIUHTXHQF\6,05$'(.K\GURDFRXVWLF
HTXLSPHQW ZKLFK ZDV DJUHHG XSRQ E\ &&$0/5 DV WKH VWDQGDUG PXOWLIUHTXHQF\
HFRVRXQGHU7KHELRPDVVHVWLPDWHUHVXOWLQJIURPWKLVRSHUDWLRQZLOOKHOSWKH&&$0/5
ZRUNLQJJURXSWRHVWLPDWHWKHSRWHQWLDO\LHOGRIWKHNULOOVWRFNDQGVHWFDWFKOLPLWVIRU
WKHFRPPHUFLDOÀVKLQJRSHUDWLRQV$FORVHLQWHUQDWLRQDOFRRSHUDWLRQLVHQYLVDJHGZLWK
the US AMLR programme.
3UHOLPLQDU\UHVXOWV
.ULOOZDVFDXJKWDWRXWRIVWDWLRQVDQGWKHVH\LHOGHGDWRWDOQXPEHURINULOO
Length measurements were taken from representative sub-samples with a minimum 
RIVSHFLPHQV/HQJWKPHDVXUHPHQWVDQGGHWDLOHGPDWXULW\VWDJHVZHUHLGHQWLÀHG
IURPNULOOVSHFLPHQVVHH7DE under the microscope
123
5. BIOLOGY
7DEOH  Total number of specimens caught with the RMT8 net and number of 
LQGLYLGXDOVPHDVXUHGIRUOHQJWKIUHTXHQF\GDWDDQGFODVVLÀFDWLRQIRUVH[DQGPDWXULW\
VWDJHVDFFRUGLQJWR0DNDURYDQG'HQ\V
Fig. 5.4.2: Distribution of Antarctic krill E. superba (numerical density given as N 1,000 m-3) in the 
Antarctic Peninsula region during January 2011
/DUJHVWFDWFKHVRI$QWDUFWLFNULOOZHUHWDNHQLQWKHVRXWKHUQ%UDQVÀHOG6WUDLW
.ULOO LQ*HUODFKH6WUDLW NULOODQGRII$GHODLGH ,VODQGNULOO$OO WKUHH
VWDWLRQVZHUHGRPLQDWHGE\RQH\HDUROGMXYHQLOHV)LJ6WDWLRQVZKLFKGLGQRW
\LHOGDQ\NULOOZHUHORFDWHGDWWKHRXWHURIIVKRUHHQGVRIWKHWUDQVHFWVLQGLFDWLQJWKDW
WKHVXUYH\DUHDFRYHUHGDOPRVWWKHHQWLUHGLVWULEXWLRQUDQJHRIWKHVSHFLHVEHWZHHQ
the continent and the oceanic region.
Species Total catch Sample 
measured
Euphausia superba 60,858 6,160
Euphausia triacantha 2342 297
Euphausia frigida 173 53
Euphausia crystallorophias 1112 380
Thysanoessa macrura 57,442 4,822
Salpa thompsoni 117,400 later in lab
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Fig. 5.4.3:  Distribution of Thysanoessa macrura (numerical density given as N 1,000 m-3) in the 
Antarctic Peninsula region during January 2011
7KHRYHUDOOPHDQGHQVLW\RI$QWDUFWLFNULOOIRUWKHHQWLUHVXUYH\DUHDZDVP-2 and 
35 krill 1,000 m-3UHVSHFWLYHO\7KHORQJWHUPPHDQGHQVLW\IURPQHWVDPSOLQJVXUYH\V
VLQFH LVDSSUR[LPDWHO\NULOOP-2 and 230 per 1,000 m-3 UHVSHFWLYHO\7KHVH
UHVXOWVLQGLFDWHWKDW$QWDUFWLFNULOODEXQGDQFHZDVUHODWLYHO\ORZZHVWRIWKH$QWDUFWLF
Peninsula in summer 2010/11.
The other common species in the samples was Thysanoessa macrura, which were 
DOPRVWDVDEXQGDQWDV$QWDUFWLFNULOO7DEOHKRZHYHUGXHWRLWVVPDOOHUVL]HWKH
overall biomass is much less than the one of E. superba. This species concentrated 
more in offshore areas, although it was present at each station of the entire RMT grid 
)LJ
The ice-krill Euphausia crystallorophias is known as a neritic species and was therefore 
RQO\IRXQGLQUHODWLYHO\ORZQXPEHUVLQWKHVRXWKHUQ%UDQVÀHOG6WUDLW*HUODFKH6WUDLW
DQG0DUJXHULWH%D\$GHODLGH,VODQG7DE5HSUHVHQWDWLYHVDPSOHVKDYHEHHQ
FROOHFWHGDQGGDWDZLOOEHDQDO\]HGDWDODWHUVWDJH
The epipelagic species Euphausia triacantha is known to have its distribution centre 
MXVWVRXWKRIWKHSRODUIURQW,WGRHVSHUIRUPGLHOYHUWLFDOPLJUDWLRQVDQGFRQVHTXHQWO\
PD\DSSHDU LQWKHXSSHUPZDWHUFROXPQGXULQJWKHQLJKW ,WZDVWKHUHIRUHQRW
VXUSULVLQJWKDWWKLVVSHFLHVRFFXUUHGRQO\LQVRPHRIRXUQLJKWVDPSOHVLQWKHRFHDQLF
UHJLRQ )LJ 2QH VDPSOHZLWK KLJK GHQVLWLHV RIPRUH WKDQ  LQGLYLGXDOV
indicated that this species might also form swarms during their vertical migration. 
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6XEVDPSOHVZHUHFROOHFWHGIRUODWHUDQDO\VLV
The second epipelagic Euphausiacea species was Euphausia frigida, however, catches 
ZHUHUHODWLYHO\VSDUVHDQGGLVWULEXWLRQSDWWHUQVFDQQRWEHLQWHUSUHWHGGXHWRWKHORZ
number of specimens.
Salps (Salpa thompsoniZHUH VWXGLHG DV DQ LPSRUWDQW FRPSRQHQW RI WKH$QWDUFWLF
]RRSODQNWRQ 0RUH WKDQ  VDOSV ZHUH FDXJKW 7DE  0RUH WKDQ 
VDPSOHVZHUHFROOHFWHGIRUJHQHWLFDQDO\VHVDQGUHSUHVHQWDWLYHTXDQWLWDWLYHVDPSOHV
IURP WKH507ZHUHSUHVHUYHG LQVHDZDWHUVROXWLRQ IRU ODWHUGHWDLOHGDQDO\VLV
RI VL]HDQGGHYHORSPHQWDO VWDJHV)LJXUHGLVSOD\V WKHGLVWULEXWLRQSDWWHUQVRI
salps according to RMT8 data. Highest salp densities were observed in offshore 
DUHDVZLWKORZHUQXPEHUVRIVDOSVRYHUWKHVKHOI$JJUHJDWHIRUPVFOHDUO\GRPLQDWHG
WKHSRSXODWLRQZKLOHVROLWDU\ IRUPVZHUHUHODWLYHO\VSDUVH&RPSDUHGZLWKGHQVLWLHV
REVHUYHGGXULQJRWKHU\HDUVVDOSDEXQGDQFHZDVDERYHWKHORQJWHUPDYHUDJHEXW
was not as extreme as e.g. in the 1990 summer season.
Size distribution of the Antarctic krill Euphausia superba was not uniform across the 
VXUYH\ DUHD 6PDOO MXYHQLOH NULOO ZDV FRQFHQWUDWHG LQ QHDUVKRUH DUHDVZKLOH DGXOW
specimens dominated the outer shelf and oceanic regions. The overall composite length 
IUHTXHQF\GLVWULEXWLRQVKRZHGDELPRGDOSDWWHUQ7KHMXYHQLOHNULOOZHUHRIDPRGDOVL]H
RIWRPP)LJZKLFK LVZLWKLQ WKHH[SHFWHGUDQJHRIRQH\HDUROGNULOO
in the Antarctic Peninsula region in mid-summer. Medium sized krill between 35 and 
45 mm seemed to be underrepresented in the samples from the 2011 summer, while 
DQLPDOVODUJHUPPDQGXSWRPPVL]HZHUHSURSRUWLRQDWHO\ZHOOUHSUHVHQWHG
)URPWKHÀJXUHLWLVREYLRXVWKDWWKHNULOOSRSXODWLRQLQVXPPHUZDVGRPLQDWHG
E\ D ODUJH IUDFWLRQ RI RQH\HDUROG MXYHQLOH NULOO0RUH WKDQ RI WKH SRSXODWLRQ
FRQVLVWHGRIWKLVVL]HDQGDJHJURXSLQGLFDWLQJDUHODWLYHO\VWURQJ\HDUFODVVLQ
WKH$QWDUFWLF3HQLQVXODUHJLRQ+RZHYHUDPRUHGHWDLOHGDQDO\VLVRIWKHTXDQWLWDWLYH
GDWDDQGDFRPSDULVRQZLWKRWKHUVXUYH\VIURPGLIIHUHQW\HDUVLVUHTXLUHGEHIRUHWKLV
K\SRWKHVLVFDQEHFRQÀUPHG
7KHVHODUJHUVL]HJURXSVZHUHFOHDUO\GRPLQDWHGE\PDWXUHPDOHVDQGJUDYLGWRVSHQW
female stages, indicating that the spawning season was well advanced. Figure 5.4.6 
VXPPDUL]HVWKHFRPSRVLWHPDWXULW\VWDJHFRPSRVLWLRQDFURVVWKHHQWLUHVXUYH\DUHD
)LQDOO\ )LJ  VKRZV RQH LQWHUHVWLQJ DVSHFW DFFRUGLQJ WR WKH FXUUHQW VSDZQLQJ
season of krill in the Peninsula region. We found females bearing spermatophores and 
WKHVHDGXOWVZHUHGRPLQDWHGE\IHPDOHVLQDGYDQFHGVSDZQLQJFRQGLWLRQVDQGDKLJK
number of spent animals. Adult males also showed the occurrence of well-developed 
VSHUPDWRSKRUHV RU HYHQ HPSW\ GXFWL SRLQWLQJ WR D SRVWVSDZQLQJ FRQGLWLRQ7KHVH
REVHUYDWLRQVZHUHFRQÀUPHGE\WKHÀQGLQJRILQFUHDVLQJQXPEHUVRI&DO\SWRSLVODUYDH
of Antarctic krill.
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Fig. 5.4.4: Distribution of Euphausia triacantha (numerical density given as N 1,000 m-3) in the 
Antarctic Peninsula region during January 2011
Fig. 5.4.5:   Distribution of Salpa thompsoni (numerical density given as N 1,000 m-3) in the Antarctic 
Peninsula region during January 2011
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)LUVWSUHOLPLQDU\FRQFOXVLRQVFDQEHGUDZQIURPWKHGDWDDQDO\]HGVRIDU,QWKHVHDVRQ
2010/11 krill was less abundant than the longterm annual mean since 1978. The overall 
NULOOGHQVLW\ZDVLQWKHORZHUWKLUGRIDOOREVHUYHGYDOXHV6DOSFRQFHQWUDWLRQV6DOSV
DUHSUREDEO\ IRRGFRPSHWLWRUV IRUNULOO UDQJHGDERYH WKH ORQJWHUPDYHUDJHGHQVLW\
+RZHYHUDEXQGDQFHRINULOOODUYDHLQWKH507VDPSOHVDQGWKHHDUO\SURJUHVVRIWKH
spawning season indicate a successful spawning and a potential good recruitment for 
QH[W\HDU
Fig. 5.4.6:  Composite length frequency distribution of Antarctic krill Euphausia superba for the entire 
survey area. Numbers indicate the age groups 1 to 5 at the expected mean length classes.
Fig. 5.4.7: Maturity stage composition of Antarctic krill for the entire survey area; stage are juvenile, 
male (M) and female (F), stage 2 = immature; stages 3A = pre-spawning, 3B =already with 
spermatophores, 3CD = gravid, 3E = spent.
128
5.4 Antarctic krill demography and population dynamics west of the Antarctic Peninsula in 2010/11
Samples and data
Representative subsamples from the RMT 8 catches have been preserved in 4 % 
IRUPDOLQVHDZDWHUVROXWLRQDQGZLOOEHVWRUHGDWWKH,QVWLWXWIU6HHÀVFKHUHLLQ+DPEXUJ
Y7,6)&DWFKHVRIWKH507ZHUHVSOLWLQKDOYHVWKHÀUVWSDUWZLOODOVREHVWRUHGDW
WKH,QVWLWXWHIU6HHÀVFKHUHLLQ+DPEXUJWKHVHFRQGKDOIZLOOEHGHSRVLWHGDW91,52
Institute in Moscow. Access to samples can be obtained from either institution. Data 
IURPWKHQHWVDPSOHVZLOOEHVWRUHGLQWKHGDWDEDVHRIWKH,QVWLWXWIU6HHÀVFKHUHLLQ
Hamburg and will be available on request from there after processing and corrections 
KDYHEHHQÀQDOL]HGEXWQRWODWHUWKDQ-DQXDU\$FRXVWLFUDZGDWDIURPWKH6,05$'
(.HFKRVRXQGHUZLOOEHVWRUHG LQ WKHGDWDEDVHRI WKH ,QVWLWXWH IU6HHÀVFKHUHL
in Hamburg and the PANGAEA data base of the AWI in Bremerhaven. Access to all 
samples and data will be possible on request, which should include a brief description 
of the objectives of the work planned.
5.4.1 Abundance and distribution of larval Euphausiids at the western Antarctic 
3HQLQVXOD
Matilda Haraldsson1, Volker Siegel2, Denis Sologub3.DW\D8U\XSRYD4
1*RWKHQEXUJ8QLYHUVLW\
2 Johann Heinrich von Thünen-Institut
35XVVLDQ)HGHUDO5HVHDUFK,QVWLWXWHRI)LVKHULHVDQG2FHDQRJUDSK\
 40RVFRZ6WDWH8QLYHUVLW\1..ROWVRY,QVWLWXWHRI'HYHORSPHQWDO%LRORJ\
Objectives
.QRZOHGJHDERXWNULOODQG(XSKDXVLLGODUYDOHFRORJ\LVDQHVVHQWLDOSDUWWRXQGHUVWDQG
the variations found in adult Euphausiid populations. Still little is known about the general 
(XKDSXVLLG ODUYDO HFRORJ\ DQG DOPRVW QRWKLQJ DERXWZKDW WULJJHUV WKH VSDZQLQJ RI
DGXOWVWKHPRUWDOLW\DWGLIIHUHQWODUYDOVWDJHVDQGKRZWKHLUDEXQGDQFHDQGGLVWULEXWLRQ
LVDIIHFWHGE\ WKHSK\VLFDOHQYLURQPHQW 6LHJHO)RU WKHVHNLQGVRITXHVWLRQV
ORQJWHUPGDWDLVLPSRUWDQWDVLWJLYHVWKHRSSRUWXQLW\WRLQYHVWLJDWHYDULDWLRQVEHWZHHQ
\HDUV 0HDQZKLOH HVWLPDWHV RI ODUYDO DEXQGDQFHV JLYH D GLUHFW PHDVXUH RI WKH
VSDZQLQJVXFFHVVDWWKDWVSHFLÀF\HDUZKLFKLVDOVRLPSRUWDQWLQIRUPDWLRQIRUVWRFN
DVVHVVPHQWZRUN7KHPDLQREMHFWLYHRIWKLVVWXG\LVWRJHWDQRYHUYLHZRI(XSKDXVLLG
larval abundance and distribution at the western Peninsula in relation to their adult 
population, with detailed information of the larval development during this time of the 
\HDU)XUWKHUPRUHJHQHWLFGDWDRQWKHSRSXODWLRQVWUXFWXUHRI(XSKDXVLLGVLQUHODWLRQWR
their larval development is missing. A second part of this investigation aims to establish 
the knowledge of distribution of Antarctic krill larvae associated with particular water 
PDVVHV)RUJHQHUDOXQGHUVWDQGLQJRIWKHUROHRI(XSKDXVLLGVLQHYROXWLRQKLVWRU\RI
WKH$QWDUFWLFELRWDDVXEVHWRIVDPSOHVZLOOEHXVHGIRUPROHFXODUEDUFRGLQJDQDO\VLV
)LQDOO\ VDPSOHV RI DPSKLSRG Themisto gaudichaudii has been collected for bar-
FRGLQJVWXGLHVDQGVXEVHTXHQWUHFRQVWUXFWLRQRIHYROXWLRQDU\KLVWRU\RIWKH$QWDUFWLF
+\SHURLGHDZLWKSDUWLFXODUHPSKDVLVRQUHODWLRQVKLSVEHWZHHQWKH6RXWKHUQDQGWKH
Northern Hemisphere species. With these objectives, the krill monitoring program 
ZDVDQH[FHOOHQWRSSRUWXQLW\ IRU(XKDSXVLLG ODUYDO VWXGLHVDV WKHSURJUDPRIIHUVD
VWDQGDUGL]HGVDPSOLQJFRYHUDJHRIODUJHJHRJUDSKLFDODUHDGXULQJVXEVHTXHQW\HDUV
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Work at sea 
Net sampling
7KH(XSKDXVLLGODUYDOVWXG\ZDVSDUWRIWKHNULOOPRQLWRULQJSURJUDPSHUIRUPHGGXULQJ
WKLVH[SHGLWLRQVHHVHFWLRQRQ507VDPSOLQJDQGDOOVDPSOLQJRINULOOODUYDHZHUH
GRQH VLPXOWDQHRXVO\ WR WKH DGXOW NULOO VDPSOLQJ XVLQJ WKH 507  QHW 5HFWDQJXODU
0LGZDWHU7UDZO7KH507LVDVPDOOHU]RRSODQNWRQQHWPRXQWHGRQWRSRIWKH507
IRUGHVFULSWLRQVHHVHFWLRQRQ507VDPSOLQJZLWKDPRXWKRSHQLQJRIP2 and 
ѥPPHVKVL]HGHVLJQHGWRFDWFK(XSKDXVLLGODUYDHDQGRWKHUPHVR]RRSODQNWRQ
7KHVWDWLRQJULGWLPLQJDQGSURFHGXUHRIVDPSOLQJDUHGHVFULEHGE\6LHJHOHWDOVHH
VHFWLRQ
Treatment of samples
,PPHGLDWHO\DIWHUQHWUHWULHYDOWKH507QHWVDPSOHZDVVSOLWLQWRWZRSDUWVXVLQJD
)ROVRPSODQNWRQVSOLWWHUYDQ*XHOSHQHWDODQGSUHVHUYHGLQDIRUPDOLQLQ
VHDZDWHUVROXWLRQ2QHKDOIZDVSUHVHUYHGIRUDQDO\VLVRQERDUGDQGRQHKDOIVWRUHG
DZD\IRUIXUWKHUGHWDLOHGDQDO\VLVDWWKH5XVVLDQ)HGHUDO5HVHDUFK,QVWLWXWHRI)LVKHULHV
DQG2FHDQRJUDSK\LQ0RVFRZ$WVHOHFWHGVWDWLRQVRQHRIWKHWZRKDOYHVZDVVSOLW
further into two quarters. One of the subsequent quarters was either frozen down to 
&IRU IXUWKHUFKHPLFDODQDO\VLVRU IUHVK ODUYDHDQGDPSKLSRGVZHUHSLFNHGRXW
DQGSUHVHUYHGLQHWKDQROIRUIXUWKHUPROHFXODUDQDO\VLV
$IWHU    GD\V RI SUHVHUYDWLRQ WKH VXEVHTXHQW DQDO\VHVZHUH SHUIRUPHG'XH WR
WKH VL]HRI WKH507 VDPSOHV WKH\JHQHUDOO\ UHTXLUHG IXUWKHU VXEVDPSOLQJZKLFK
was done using the Folsom plankton splitter. Larval Ephausiids were picked out from 
WKH VXEVDPSOH XVLQJ D VWHUHRPLFURVFRSH DQG FODVVLÀHG LQWR GHYHORSPHQWDO VWDJHV
QDXSOLXVPHWDQDXSOLXVFDO\SWRSLVWRIXUFLOLDWRDFFRUGLQJWR.LUNZRRN
DQG %DNHU HW DO  'DPDJHG ODUYDH ZKLFK FRXOG QRW EH LGHQWLÀHG LQWR WKHLU
exact stage were categorized into as detailed groups as possible, belonging either 
WRXQLGHQWLÀHGFDO\SWRSLVXQLGHQWLÀHGIXUFLOLDHDUO\IXUFLOLDIXUFLOLDRUODWHIXUFLOLD
IXUFLOLD'DPDJHGODUYDHZHUHPRVWFRPPRQIRUWKHROGHUThysanoessa macrura
VSHFLPHQVDV WKLV LVVPDOOHUDQGPRUH IUDJLOHVSHFLHV)LQDOO\DOO ODUYDOFRXQWGDWD
ZHUHVWDQGDUGL]HGLQWRGHQVLW\P-2XVLQJÀOWHUHGZDWHUYROXPHVIURPWKHÁRZPHWHU
readings.
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Fig. 5.4.8: Distribution of larval Euphausiids (given in m-2) in the Antarctic Peninsula during January 
2011. a) Euphausia superba, b) Thysanoessa macrura, c) E. crystallorophias and d) E. frigida. APF = 
Antarctic Polar Front, SACCF = South Antarctic Circum Polar Front and SBF = South Boundary Front. 
1RWHWKHGLIIHUHQWVFDOHLQWKHÀJXUH
3UHOLPLQDU\UHVXOWV
/DUYDOVDPSOHVZHUHVXFFHVVIXOO\DQDO\]HGIURPDOOVWDWLRQVRI WKHNULOOJULGDQG
ODUYDHIURPIRXURIWKHSRVVLEOHÀYH(XSKDXVLLGVSHFLHVZHUHIRXQGEuphausia superba,
E. crystallorophias, E. frigida and Thysanoessa macrura, while larval E. triacanta was 
WRWDOO\PLVVLQJ
Larval E. superba were found at 57 of the stations, and had the highest densities out of 
the four species with an arithmetic mean of 2449.5 m-2. Their geographical distribution 
ZHUHFRQFHQWUDWHGWRWKHVRXWKHUQPRVWDQGRIIVKRUHVWDWLRQVRIWKHJULG)LJD
$KLJKGHQVLW\SDWFKZDVIRXQGDURXQG6DQG:ZLWKDPD[LPXPRI
m-2 7KH IUHTXHQF\ GLVWULEXWLRQ RI GHYHORSPHQWDO VWDJHVZHUH KLJKO\ GRPLQDWHG E\
FDO\SWRSLV  )LJ D 7KHPHDQ GHYHORSPHQWDO VWDJHZLWK WLPH )LJ D
VKRZV WKDW FDO\SWRSLV  ZHUH GRPLQDWLQJ GXULQJ WKH ZKROH VDPSOLQJ SHULRG ZKLOH
VLJQLÀFDQWDPRXQWRIFDO\SWRSLVDQGZHUHRQO\IRXQGGXULQJWKHVHFRQGSDUWRIWKH
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cruise. This indicates that E. superba PRVWOLNHO\VWDUWHGVSDZQLQJLQPLG'HFHPEHU
EDVHGRQGHYHORSPHQWDOWLPHIURP,NHGDDQG:LWHNHWDODQGWKDWWKH\
KDGEHHQFRQWLQXRXVO\VSDZQLQJDWOHDVWGXULQJWKHÀUVWSDUWRIWKHVDPSOLQJSHULRG
GXHWRWKHVWHDG\VWUHDPRIFDO\SWRSLV
Fig. 5.4.9: Frequency distribution of larval developmental stage for a) Euphausia superba, b) 
Thysanoessa macrura, c) E. crystallorophias and d) E. frigida. N = Nauplius, MN = Metanuaplius, C = 
Calyptopis, F = Furcilia. 
T. macruraODUYDHZHUHWKHPRVWZLGHVSUHDGVSHFLHVIRXQGDWHYHU\VWDWLRQRIWKHJULG
7KHLUJHRJUDSKLFDOGLVWULEXWLRQZDVHYHQRYHU WKHZKROHVDPSOLQJDUHDZLWKVOLJKWO\
ORZHU GHQVLWLHV FORVH WR VKRUH )LJ E 7KHLU RYHUDOOPHDQ GHQVLW\ZDV 
m-2. All developmental stages from metanauplie to furcilia 6 were found for T. macrura
)LJE)XUFLOLDZHUHFOHDUO\GRPLQDWLQJRYHUFDO\SWRSLVZLWKIXUFLOLDDQG
as the most common stages. The mean developmental stage with time shows a large 
variation in dominating stage, but with a clear decreasing trend in the representation 
RI\RXQJHUFDO\SWRSLVVWDJHVDVWKHFUXLVHSURJUHVVHG)LJE7KHSUHVHQFH
of all stages indicates an extended spawning period for T. macrura, and based on the 
SUHVHQFHRIIXUFLOLDLQWKHVDPSOHVWKH\VWDUWHGWKHLUVSDZQLQJLQ6HSWHPEHUEDVHG
RQGHYHORSPHQWDOWLPHVIURP0HQVKHQLQDDQG6SLULGRQRY
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Fig. 5.4.10: Average developmental stage at a certain station against the day of sampling (day 1 at 
the 9 January 2011) for a) Euphausia superba, b) Thysanoessa macrura and c) E. crystallorophias. 
7KHÀJXUHIRU(IULJLGDLVQRWLQFOXGHGGXHWRWKHORZQXPEHUVRIODUYDH1 1DXSOLXV01 
Metanuaplius, C = Calyptopis, F = Furcilia.
Larvae of the coastal species E. crystallorophiasZHUHPRVWO\IRXQGDWVWDWLRQVFORVHVW
WRVKRUHDW*HUODLFKH6WUDLWDQGDWWKHVRXWKHUQPRVWWUDQVHFWVRIWKHJULG)LJF
7KH\ZHUH IRXQG DW  VWDWLRQV DQGZHUH FRPSDUDEO\ ORZ LQ GHQVLW\ZLWK DPHDQ
GHQVLW\RIP-2. Naupli to fucilia 1 stage were present in the samples, dominated 
E\FDO\SWRSLV)LJF&DO\SWRSLVZHUHFRQWLQXRXVO\GRPLQDWLQJ WKURXJKRXW
WKHVDPSOLQJSHULRGEXWZLWK ODWHU FDO\SWRSLVVWDJHVJHWWLQJPRUH UHSUHVHQWHGZLWK
WLPH)LJF*LYHQWKDWIXUFLOLDZHUHIRXQGLQWKHVDPSOHVE. crystallorophias
PD\ VORZO\ KDYH VWDUWHG WKHLU VSDZQLQJ DOUHDG\ DW WKH HQG RI 2FWREHU EDVHG RQ
GHYHORSPHQWDOWLPHIURP,NHGD
E. frigidaZHUHRQO\IRXQGDWVWDWLRQVDOORIIVKRUH)LJGDQGWKH\KDGWKH
ORZHVWGHQVLWLHVRIDOOWKHVSHFLHVZLWKDPHDQGHQVLW\RIP-2. Larval developmental 
VWDJHV IURPPHWDQDXOLXV WR IXUFLOLD  ZHUH IRXQG GRPLQDWHG E\ FDO\SWRSLV  )LJ
G
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Further work
For the genetic samples preserved in ethanol, two research activities will be carried 
RXWDWWKH0RVFRZ6WDWH8QLYHUVLW\1..ROWVRY,QVWLWXWHRI'HYHORSPHQWDO%LRORJ\LQ
0RVFRZ)LUVWDJHQHUDOSK\ORJHQHWLFUHODWLRQVKLSRI(XKDSXVLLGFUXVWDFHDQVZLOOEH
GRQHEDVHGRQFRPSDUDWLYHDQDO\VLVRIVHTXHQFHVRIPLWRFKRQGULDOJHQH&2, WKH
ÀUVW VXEXQLW RI F\WRFKURPH R[LGDVH c, ZKLFK LV FRPPRQO\ XVHG LQ EDUFRGLQJDNA 
barcoding is a technique that uses a short gene sequence from a standardised region 
RI WKH JHQRPH DV D GLDJQRVWLF µELRPDUNHUµ IRU VSHFLHV DQG VXEVSHFLHV 6HFRQGO\
population structure of krill is going to be revealed using microsatellites which are 
DSSURSULDWH IRU WKHGHVFULSWLRQ RI KHWHURJHQHLW\ZLWKLQ JURXSVRI LQGLYLGXDOV ,WPD\
provide us information on isolation of krill larvae originated from different water masses. 
Samples and data
See section on RMT 8 sampling. 
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1, 1-45 pp.
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
6LHJHO9.ULOO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OLIHKLVWRU\DQGDVSHFWVRISRSXODWLRQG\QDPLFV&DQ-
)LVK$TXDW6FL
YDQ*XHOSHQ/0DUNOH')'XJJDQ'-$QHYDOXDWLRQRIDFFXUDF\SUHFLVLRQDQGVSHHG
RIVHYHUDO]RRSODQNWRQVXSVDPSOLQJWHFKQLTXHV-&RQV,QW([SORU0HU
:LWHN=.RURQNLHZLF]$6RV]ND*- &HUWDLQDVSHFWVRI WKHHDUO\ OLIHKLVWRU\RINULOO
Euhapusia superba'DQD&UXVWDFHD3RO3RODU5HV
5.4.2  (QYLURQPHQWDOWUDQVFULSWRPLFVRIWKH6RXWKHUQ2FHDQVDOS
Salpa thompsoni
3DROD%DWWD/RQD$QQ%XFNOLQQRWRQERDUG5DFKHO2ҋ1HLOOQRWRQERDUG
8QLYHUVLW\RI&RQQHFWLFXW
Objectives
The Southern Ocean Salpa thompsoniLVVXEMHFWWRVHYHUHHQYLURQPHQWDOWHPSHUDWXUH
DQGELRORJLFDOFRQGLWLRQVIRRGDYDLODELOLW\HQHUJHWLFFRQVWUDLQWVWLPLQJRIUHSURGXFWLRQ
DV ZHOO DVPDUNHG VHDVRQDO YDULDELOLW\ DQG ORQJWHUP FOLPDWH FKDQJH 7KHUH LV DQ
XUJHQWQHHGWRXQGHUVWDQGWKHSRWHQWLDOIRUVDOSVWRDGDSWWRFOLPDWHFKDQJH\HWIHZ
molecular resources are available for this species or its close relatives.
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Fig. 5.4.11: Stations where Salpa thompsoni was collected and preserved for molecular transcripomic 
analysis during ANT-XXVII/2.
7KHJRDORIWKLVHIIRUWLVWRDQDO\]HWKHS. thompsoniWUDQVFULSWRPHE\ZKROHJHQRPH
51$VHTXHQFLQJDQGWRFKDUDFWHUL]HJHQHH[SUHVVLRQSURÀOHVLQUHODWLRQWROLIHKLVWRU\
processes and environmental conditions. Specimens of S. thompsoniZHUHLGHQWLÀHG
IURPVDPSOHVFROOHFWHGIURPGLIIHUHQW6RXWKHUQ2FHDQORFDWLRQVDQGÁDVKIUR]HQIRU
PROHFXODUDQDO\VLV(QYLURQPHQWDOGDWDZDVFROOHFWHGDWWKHVWDWLRQVVDPSOHGDQGZLOO
be used to examine correlation among gene expression patterns and biological and 
SK\VLFDOHQYLURQPHQWDOFRQGLWLRQVDWWKHWLPHRIFROOHFWLRQ
135
5. BIOLOGY
Work at sea
'XULQJ FUXLVH$17;9,,  VDPSOHV FROOHFWHG E\5HFWDQJXODU0LGZDWHU7UDZO
507 IURP GLIIHUHQW VWDWLRQV )LJ ZHUH H[DPLQHG IRUSalpa thompsoni.
Samples were taken from the net RMT-8 towed at depths of 200m. A total of 1,052 
LGHQWLÀHG VSHFLPHQV ZHUH UHPRYHG ,Q RUGHU WR HQVXUH SURSHU SUHVHUYDWLRQ RI
VSHFLPHQVDQGWLVVXHIRUDQDO\VLVRI'1$DQG51$507VDPSOHVZHUHH[DPLQHG
LPPHGLDWHO\DIWHUFROOHFWLRQDQGDOOVDOSVZHUH UHPRYHG IRU LGHQWLÀFDWLRQRIVSHFLHV
ZKLOHVWLOOOLYLQJ4XDQWLÀFDWLRQRIVSHFLHVRIVDOSVZDVGRQHE\FRXQWLQJFRORQLHVDQG
zooids. Specimens of Salpa thomsponiZHUHLGHQWLÀHGXQGHUDGLVVHFWLQJPLFURVFRSH
DQGWKHVWRPDFKVZHUHUHPRYHGE\GLVVHFWLRQ WRDYRLGFRQWDPLQDWLRQRI'1$IURP
SUH\7KHUHPDLQLQJ WLVVXHZDVÁDVK IUR]HQ LQ OLTXLGQLWURJHQDQGVWRUHGDW &
7KHIUR]HQVSHFLPHQVZLOOEHUHWXUQHGWRWKH8QLYHUVLW\RI&RQQHFWLFXWIRUPROHFXODU
DQDO\VLVDWWKH8QLYHUVLW\ҋV&HQWHUIRU$SSOLHG*HQHWLF7HFKQRORJLHV
The samples collected during this expedition are well-suited for the planned genomic 
DQGWUDQVFULSWRPLFDQDO\VLVDQGZLOODOVREHXVHIXOIRUSRSXODWLRQJHQHWLFVWXGLHVRI
Salpa thompsoni. The samples were collected across much of the cruise sampling 
GRPDLQLQFOXGLQJERWKVKHOIDQGRIIVKRUHZDWHUVDQGWKHSUHVHUYHGVSHFLPHQVUHÁHFW
DYDULHW\RIOLIHVWDJHVDQGGLIIHUHQWOLIHIRUPV)LJ
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Fig. 5.4.12: Numbers of samples in onshore, shelf, and offshore zones with different life forms of Salpa 
thompsoni collected during ANT-XXVII/2
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5.5 Hyperbenthos of deep-sea basins west of the Antarctic Peninsula
7KHVFLHQWLÀFH[SHULPHQWVDQGDQDO\VHVWREHFDUULHGRXWXVLQJWKHVSHFLPHQVFROOHFWHG
GXULQJWKLVFUXLVHZLOOEHDFULWLFDOFRPSRQHQWRIP\GLVVHUWDWLRQUHVHDUFKDLGLQJLQP\
TXDOLÀFDWLRQIRUD3K'GHJUHHDWWKH8QLYHUVLW\RI&RQQHFWLFXW
 +\SHUEHQWKRVRIGHHSVHDEDVLQVZHVWRIWKH$QWDUFWLF3HQLQVXOD
Ute Mühlenhardt-Siegel
Forschungsinstitut Senckenberg
Objectives
7KHDVVHVVPHQWRI$QWDUFWLFELRGLYHUVLW\DQGELRJHRJUDSK\LVRISDUWLFXODULPSRUWDQFH
LQ WKH FRQWH[W RI JOREDO HQYLURQPHQWDO FKDQJHV %LRJHRJUDSK\ LV FORVHO\ OLQNHG WR
ELRGLYHUVLW\DQGLWLVFRQFHUQHGZLWKWKHJHRJUDSKLFGLVWULEXWLRQRIVSHFLHVDQGWD[DLQ
RXUELRVSKHUH.QRZOHGJHRIELRGLYHUVLW\DQGELRJHRJUDSK\LVFHQWUDOWRDQ\DWWHPSWWR
FRQVHUYHVSHFLHVDQGWKHLUKDELWDWV0RUHRYHUWKLVLQIRUPDWLRQFDQKHOSWRLGHQWLI\WKH
RULJLQRIVSHFLHVLQFHUWDLQDUHDVDQGWKHLUSK\ORJHQHWLFUHODWLRQVKLS:KLFKFRQVLVWV
of coastal or shelf areas and more than 90 % is deep sea. The fauna living in the vast 
DUHDVRIWKHGHHSVHDZKLFKUHSUHVHQWRIWKHRFHDQÁRRUDUHYHU\SRRUO\NQRZQ
HVSHFLDOO\LQWKH$QWDUFWLFZKHUHWKHUHKDVEHHQDQRWDEOHODFNRILQWHQVLYHELRORJLFDO
VDPSOLQJHIIRUW:LWKRXWGRXEW WKH$QWDUFWLFGHHSVHDVWLOOKDUERXUVPDQ\XQNQRZQ
WD[D GHVSLWH WKH IDFW WKDW PDQ\ QDWLRQV KDYH LQWHQVLÀHG WKHLU $QWDUFWLF UHVHDUFK
DFWLYLWLHVGXULQJWKHODVW\HDUV
0DLQIRFXVRIWKHSUHVHQWDQDO\VLVZLOOEHWKHSHUDFDULGRUGHU&XPDFHD&UXVWDFHD
7KHVKHOIDQGGHHSVHDRIWKH$QWDUFWLFUHJLRQVLQWKHYLFLQLW\RIWKH$QWDUFWLF3HQLQVXOD
Weddell Sea and some parts of the Ross Sea are quite well investigated, as well 
samples from the Amundsen Sea are available, however, samples from the deep sea 
GHHSHUWKDQPGHSWKIURPWKH%HOOLQJVKDXVHQ6HDDUHVWLOOPLVVLQJ)URPWKH
OLWHUDWXUH&RUEHUDHWDOFXPDFHDQGDWDIRUWKLVUHJLRQDUHNQRZQIURPWKHVKHOI
DQGFRQWLQHQWDOVORSHPPD[LPXPGHSWK
Method
The most successful sampling gear for small macrobenthic animals was the epibenthic 
sledge; the box- and multi corers, and Agassiz trawl were much less useful because 
RIWKHOLPLWHGVDPSOLQJDUHDRUODUJHPHVKVL]HUHVSHFWLYHO\7KHHSLEHQWKLFVOHGJH
equipped with epi- and supranet of 500 µm mesh size, will be towed on the bottom at 
0.5 m sec-1IRUDSSUR[LPDWHO\PLQXWHV%UHQNH
Aims
The information about the cumaceans from the deep sea of the Bellingshausen Sea 
ZLOOFRPSOHWHWKHUHVXOWVIURPWKH$1'((3H[SHGLWLRQVDERXWWKHELRGLYHUVLW\IDXQDO
RYHUODS DQG ELRJHRJUDSK\ RI WKLV SHUDFDULGHDQ JURXS IURP WKH 3HQLQVXOD UHJLRQ
ZHVWHUQDQGHDVWHUQ:HGGHOO6HD6RXWK6DQGZLFK7UHQFKDQG&DSH%DVLQ$VWKH
endemism is about 20 - 25 % in Antarctic deep-sea basins, a number of new species 
were expected.
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7KHHSLEHQWKLFVOHGJHZDVGHSOR\HGDWVWDWLRQVLQWKHGHHSVHDDORQJWKHZHVWHUQ
$QWDUFWLF3HQLQVXODIURPҋ WRҋ6QRUWKHUQ%HOOLQJVKDXVHQ6HD LQGHSWK
UDQJHVEHWZHHQDQGP7KHWRZHGGLVWDQFHVYDU\EHWZHHQDQG
m. In total the sampled area is 7,890 m². 
As the most time consuming part of the sampling are the lowering and heaving phases, 
WKHVHZHUHDFFHOHUDWHGIURPPVDVVXJJHVWHGE\%UHQNHWRPVDQG
ZRUNHGSHUIHFWO\ZHOO)RUPURSHOHQJWKDWLPHVDYLQJRIPLQLVJDLQHG2QFH
WKHVOHGJHLVIURPWKHJURXQGWKHKHDYLQJYHORFLW\FDQEHDFFHOHUDWHGWRPVJDLQLQJ
DWLPHVDYLQJRIPLQERWWRPGHSWKP
7KHPDWHULDO ZDVZDVKHG RQ ERDUG DQG À[HG LQ  IRUPDOLQ²VHDZDWHU VROXWLRQ
washed with fresh water after 48 hours and stored in 70 % ethanol. The sorting, 
determination and description of new species will be done at home.
Data and samples
7KH GHWHUPLQHG VSHFLHV ZLOO EH GHSRVLWHG DW WKH =RRORJLFDO 0XVHXP 8QLYHUVLW\
of Hamburg; the undetermined rest of the samples will be stored at the DZMB, 
:LOKHOPVKDYHQ7KH&XPDFHDGDWDZLOOEHVXEPLWWHGWR6&$50DU%,17KH6&$5
0DU%,1 0DULQH %LRGLYHUVLW\ ,QIRUPDWLRQ 1HWZRUN SURMHFW DLPV DW HVWDEOLVKLQJ DQG
VXSSRUWLQJ D GLVWULEXWHG V\VWHP RI LQWHURSHUDEOH GDWDEDVHV ZKLFK ZLOO VKDSH D
coordinated network, forming the OBIS 2FHDQ%LRJHRJUDSKLF ,QIRUPDWLRQ6\VWHP
Antarctic Node, placed under the aegis of 6&$56FLHQWLÀF&RPPLWWHHRQ$QWDUFWLF
5HVHDUFK
References
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0DULQH7HFKQRORJ\6RFLHW\-RXUQDO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5.6 Effect of CO2 and iron on phytoplankton
&ODUD+RSSH1&KULVWRSKHU3D\QH2&RQVWDQFH&RXWXUH2, Ulrike Richter1,
Philippe D. Tortell2QRWRQERDUG%M|UQ5RVW1QRWRQERDUG6FDUOHWW
Trimborn1
1Alfred-Wegener-Institut für Polar- und Meeresforschung
28QLYHUVLW\RI%ULWLVK&ROXPELD
Objectives
7KH6RXWKHUQ2FHDQ 62 DFFRXQWV IRU aRI WKH JOREDO DQQXDO SK\WRSODQNWRQ
SURGXFWLRQDQG LVFRQVLGHUHG WRH[HUWD ODUJH LQÁXHQFHRQ WKHPDULQHFDUERQF\FOH
DQG WRKDYH WKHJUHDWHVW SRWHQWLDO WRDIIHFW DWPRVSKHULF&22 concentrations. While LQRWKHUSDUWVRIWKHZRUOGҋVRFHDQVQLWUDWHDQGSKRVSKDWHDUHXVXDOO\WKHQXWULHQWV
WKDW OLPLW SK\WRSODQNWRQ JURZWK WKH 62 DV D ODUJH XSZHOOLQJ UHJLRQ KDV JHQHUDOO\
high concentrations of both nitrate and phosphate that even exceed the demand 
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required for biological processes. In-situ fertilization experiments have revealed that 
LURQDYDLODELOLW\ LV WKHNH\ IDFWRUFRQWUROOLQJSK\WRSODQNWRQJURZWK LQ WKH621HULWLF
HQYLURQPHQWVDUHNQRZQWREHHQULFKHGLQLURQDQGWRH[KLELWH[WHQVLYHSK\WRSODQNWRQ
EORRPVFRPSDUHG WR RFHDQLF UHJLRQVZKHUHRQO\ ORZGLVVROYHG LURQ FRQFHQWUDWLRQV
DUH IRXQG WKXV LPSRVLQJGLIIHUHQWVWUHQJWKVRQ WKHSK\WRSODQNWRQFRPPXQLW\$VLGH
IURP WKLV FUXFLDO IDFWRU RWKHU HQYLURQPHQWDO IDFWRUV OLNH FKDQJLQJ DWPRVSKHULF&22FRQFHQWUDWLRQVGXHWRWKHRQJRLQJRFHDQDFLGLÀFDWLRQDVZHOODVWRVHDVRQDOFKDQJHV
LQ&22ZHUHIRXQGWRDOVRH[HUWFRQWURORQERWKSK\WRSODQNWRQVWUXFWXUHDQGJURZWK8QIRUWXQDWHO\LWVHIIHFWVRQWKHSK\VLRORJLFDOHFRORJ\RIWKHSK\WRSODQNWRQFRPPXQLW\
KDYH WKXV IDU UHFHLYHG YHU\ OLWWOH DWWHQWLRQ HYHQ WKRXJK ODUJH VHDVRQDO FKDQJHV LQ
&22 can be observed over the course of the growing season. This lack in research is PDLQO\GXHWRWKHIDFWWKDWGLVVROYHGLQRUJDQLFFDUERQLVDOZD\VLQH[FHVVUHODWLYHWR
RWKHUQXWULHQWV,QVHDZDWHULQRUJDQLFFDUERQLVPDLQO\IRXQGLQWKHIRUPRI+&23-a
mmol L-1EXWDOVR LQ ORZDQGYDU\LQJFRQFHQWUDWLRQVRIGLVVROYHG&22 aµmol
L-18QWLOQRZUHVHDUFKVRIDUKDVIRFXVVHGRQWKHLQYHVWLJDWLRQRIRQHRIWKHVHWZR
IDFWRUVZKLOHDWWHQWLRQKDVQRW\HWEHHQSDLGWRWKHDVVHVVPHQWRILURQDYDLODELOLW\LQ
FRQMXQFWLRQZLWK&22HYHQWKRXJKWKHFRPELQDWLRQRIERWKIDFWRUVPD\EHFUXFLDOLQFRQWUROOLQJWKHSK\WRSODQNWRQVSHFLHVFRPSRVLWLRQLQWKH6RXWKHUQ2FHDQ
Work at sea
In-situ sampling by CTD
3K\WRSODQNWRQ SRSXODWLRQV ZHUH FKDUDFWHUL]HG DORQJ WKH FUXLVH WUDFN XVLQJ 1LVNLQ
ERWWOHVDWWDFKHGWRDVDPSOLQJURVHWWHZLWKFRQGXFWLYLW\WHPSHUDWXUHDQGGHSWKVHQVRUV
&7'URVHWWH WRERWWOHVj/7RDGGUHVV WKH LQÁXHQFHRI LURQDYDLODELOLW\RQ
SK\WRSODQNWRQFRPPXQLW\VWUXFWXUHVWDWLRQVZHUHVDPSOHGLQERWKFRDVWDODQGRFHDQLF
DUHDV WKDWDUHZHOO NQRZQ WRGLIIHU LQ LURQFRQFHQWUDWLRQV)URP&7'VWDWLRQV LQ
WRWDO )LJ  DQG  VHDZDWHU VDPSOHVZHUH FROOHFWHG HLWKHU IURP WKH GHHS
FKORURSK\OOPD[LPXPZKHQSUHVHQWRULQFDVHRIDXQLIRUPVXUIDFHPL[HGOD\HUIURP
the depth at which biomass appeared highest. From these water samples, taxonomic 
VSHFLHV FRPSRVLWLRQ FHOO GHQVLW\ DQG FKHPLFDO SDUDPHWHUVZHUH WDNHQ WKDWZLOO EH
more described in the following. 
7R GHWHUPLQH WD[RQRPLF FRPSRVLWLRQ DOLTXRWV RI  PO XQÀOWHUHG VHDZDWHU ZHUH
SUHVHUYHGZLWKERWKKH[DPLQHEXIIHUHGIRUPDOLQVROXWLRQDWDÀQDOFRQFHQWUDWLRQRI
DQGOXJRODWDÀQDOFRQFHQWUDWLRQRI3UHVHUYHGVDPSOHVZHUHVWRUHGDW&LQWKH
GDUNXQWLOIXUWKHUDQDO\VLVE\OLJKWDQGHSLÁXRUHVFHQFHPLFURVFRS\EDFNLQWKHKRPH
ODERUDWRU\)RUEDFWHULDOFRPSRVLWLRQVHDZDWHUZDVWUDQVIHUUHGLQWRFU\RYLDOVWRZKLFK
JOXWHUDOGHK\GHRIDÀQDOFRQFHQWUDWLRQRIZDVDGGHG7KHVHVDPSOHVZHUHWKHQ
VWRUHGDW²&XQWLOWKH\ZLOOEHDQDO\VHGDWKRPH
6DPSOHVIRUWKHGHWHUPLQDWLRQRIFKORURSK\OOD&KO aFRQFHQWUDWLRQZHUHWDNHQDQG
VWRUHGDW&$ORQJWKHFUXLVHWUDQVHFW&KO a was extracted in 10 mL of acetone 
RYHUQLJKWLQGDUNQHVVDW&DQGPHDVXUHGZLWKDÁXRURPHWHU7XUQHU'HVLJQVRQ
ERDUG,QDGGLWLRQWRWKH&KOaVDPSOHVSLJPHQWVDPSOHVZHUHFROOHFWHGÀOWHUHGDQG
VWRUHGDW&XQWLOKLJKSHUIRUPDQFHOLTXLGFKURPDWRJUDSK\+3/&DQDO\VLVZLOOEH
SHUIRUPHGLQWKHKRPHODERUDWRU\6DPSOHVIRUWKHGHWHUPLQDWLRQRIELRJHQLFVLOLFDWH
ZHUHWDNHQÀOWHUHGDQGVWRUHGDW&XQWLOIXUWKHUDQDO\VLV7RHVWLPDWHWKHDPRXQW
RIKXPLFOLNHFRPSRXQGVLQWKHZDWHUVDPSOHVZHUHWDNHQDQGVWRUHGDW&7KHVH
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VDPSOHVZLOOEHVHQW WRRXU$XWUDOLDQFROODERUDWRU'U&KULVWHO+DVVOHU 8QLYHUVLW\RI
7HFKQRORJ\6\GQH\ZKRZLOODQDO\]HWKHPXVLQJYROWDPPHWU\
Fig. 5.6.1: Map of all sampled 26 CTD stations along the cruise track
)RUWKHGHWHUPLQDWLRQRIWKHVHDZDWHUFDUERQDWHFKHPLVWU\IURPHDFKVWDWLRQVDPSOHV
IRUDONDOLQLW\GLVVROYHGLQRUJDQLFFDUERQDQGS+ZHUHFROOHFWHG$ONDOLQLW\VDPSOHVZHUH
WDNHQIURPWKHÀOWUDWH:KDWPDQ*))ÀOWHUPPVWRUHGLQP/ERURVLOLFDWHÁDVNV
DW&XQWLO IXUWKHUDQDO\VLVE\SRWHQWLRPHWULFWLWUDWLRQDWKRPH'LVVROYHGLQRUJDQLF
FDUERQVDPSOHVZHUHVWHULOHÀOWHUHGPPDQGVWRUHGLQP/ERURVLOLFDWHÁDVNV
IUHHRIDLUEXEEOHVDW&XQWLOWKH\ZLOOEHPHDVXUHGZLWKD4XDDWUR$XWRDQDO\]HU6HDO
$QDO\WLFDOS+ZDVPHDVXUHGRQERDUGXVLQJDS+LRQPHWHUPRGHO0HWKURP
WKDWZDVFDOLEUDWHGWKUHHSRLQWFDOLEUDWLRQDWODWHVWHYHU\WKLUGGD\)URPWKHVHWKUHH
SDUDPHWHUVWKHFDUERQDWHV\VWHPZLOOEHFDOFXODWHGXVLQJWKHSURJUDP&26\V/HZLV
DQG:DOODFH
6DPSOHVIRUSDUWLFXODWHRUJDQLF32&ZHUHÀOWHUHGRQWRSUHFRPEXVWHG&K
*))ÀOWHUVDQGVWRUHGLQSUHFRPEXVWHGSHWULGLVKHV&KDW&3ULPDU\
SURGXFWLRQZDV GHWHUPLQHG E\ WUDQVIHU RI WKH XQÀOWHUHG VHDZDWHU LQWR  K RI OLJKW
exposure (30 µmol m-2 s-1DIWHUDGGLWLRQRID&LVSLNHRI 14&$W WKHHQGRI WKH
LQFXEDWLRQ WLPH WKHVDPSOHZDVÀOWHUHGRQWR*))ÀOWHUVDQGVXEVHTXHQWO\DFLGLÀHG
DQG OHIW LQ WKHIXPHKRRGWRGHJDVRYHUQLJKW7KHQÀOWHUVZHUHFROOHFWHGDQGPO
of scintillation cocktail were added to each sample and measured with a scintillation 
FRXQWHU75,&$5%RQERDUG
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5.6 Effect of CO2 and iron on phytoplankton
Fig. 5.6.2: Detailed map of sampled CTD stations at the Antarctic Peninsula section
3K\VLRORJLFDOFKDUDFWHULVWLFVRIWKHOLYLQJSK\WRSODQNWRQZDVGHULYHGE\PHDQVRIIDVW
LQGXFWLRQUHOD[DWLRQÁXRURPHWU\),5H14&DQG55)HEDVHGDVVD\V$VWKHVHDVVD\V
FDQRQO\EHFDUULHGRXWZLWKKLJKHUELRPDVVSK\WRSODQNWRQZDVFRQFHQWUDWHGE\JUDYLW\
ÀOWUDWLRQRQWRPSRO\FDUERQDWHÀOWHUVE\WKHXVHRIVSHFLDOÀOWUDWLRQXQLWVHQVXULQJ
WKDWFHOOVZHUHFRQVWDQWO\DQGJHQWO\NHSWLQVXVSHQVLRQ)URPWKHFHOOVFRQFHQWUDWH
the 14& GLVHTXLOLEULXP WHFKQLTXH WKH 14& NLQHWLF DVVD\ DV ZHOO DV SKRWRV\QWKHVLV
irradiance curves were carried out. The 14&GLVHTXLOLEULXPWHFKQLTXHLVFRPPRQO\XVHG
WRHVWLPDWHWKHIUDFWLRQRI+&23-DQG&22XSWDNHIRUSKRWRV\QWKHVLVE\SK\WRSODQNWRQ$VWKLVWHFKQLTXHGRHVQRWSURYLGHLQIRUPDWLRQRQKRZHIÀFLHQWSK\WRSODQNWRQWDNHV
up inorganic carbon, the 14& NLQHWLF DVVD\ ZDV SHUIRUPHG ,Q WKLV DVVD\ WKH 14&
LQFRUSRUDWLRQLVGHWHUPLQHGLQFHOOVWKDWZHUHWUDQVIHUUHGWRDQLQLWLDOO\&22IUHHDVVD\
buffer, to which increasing amounts of 14&VSLNHGLQRUJDQLFFDUERQZHUHVXEVHTXHQWO\
DGGHG 8VLQJ D ÁXRUHVFHQFH LQGXFWLRQ UHOD[DWLRQ V\VWHP ),5H 6DWODQWLF +DOLID[
&DQDGDLQIRUPDWLRQRQWKHHIÀFLHQF\RISKRWRFKHPLVWU\LQ36,,GXULQJYDU\LQJOLJKW
exposure was gained
141
5. BIOLOGY
CO2-/iron perturbation experiments
2QGHFN&22LURQSHUWXEDWLRQH[SHULPHQWVZLWKDQDWXUDOSK\WRSODQNWRQFRPPXQLW\ZHUH SHUIRUPHG WR DGGUHVV WKH LPSRUWDQW TXHVWLRQ RI KRZ&22-related changes in FDUERQDWHFKHPLVWU\HJRFHDQDFLGLÀFDWLRQLQFRPELQDWLRQZLWKGLIIHUHQWLURQDYDLODELOLW\
ZLOOGLUHFWO\DIIHFWSULPDU\SURGXFWLYLW\DQGSK\WRSODQNWRQVSHFLHVFRPSRVLWLRQ/
VHDZDWHUFRQWDLQLQJWKHVWDUWLQJSK\WRSODQNWRQFRPPXQLW\RQO\ÀOWHUHGWKURXJKD
PPHVK WRDYRLG]RRSODQNWRQ LQVLGH WKHH[SHULPHQWDOERWWOHVZHUHVDPSOHG from 
Ҋ6Ҋ6E\WRZÀVK7RHQVXUHSURORQJHGH[SRQHQWLDOSK\WRSODQNWRQJURZWK
LQDGGLWLRQ/RILURQOLPLWHGVHDZDWHUZHUHVDPSOHGXVLQJDFLGFOHDQHGPÀOWHU
cartridges. This water was used to dilute the incubations when nitrate concentrations 
went below 10 µmol L-1. For all experiments, triplicate incubations bottles were bubbled 
ZLWK&22OHYHOVUHSUHVHQWLQJYDOXHVRIWKHODVWJODFLDOPD[LPXPaDWPSUHVHQWGD\aDWPDQGWKRVHSURMHFWHGIRUWKH\HDUaDWPXVLQJDSRUWDEOH
JDVPL[LQJV\VWHP7RSURPRWHSK\WRSODQNWRQJURZWKQ0LURQZHUHDGGHGZKLOHIRU
WKH LURQOLPLWHG WUHDWPHQWVQ0RI WKHFKHODWRUGHVIHUULR[LPH%')%ZHUHJLYHQ
binding all the bioavailable iron.
No additional macronutrients were added to the incubation bottles. 
7KHH[SHULPHQWVZHUHUXQLQDWHPSHUDWXUHFRQWUROOHGJURZWKFKDPEHU&ZLWKD
FRQVWDQWGD\OLJKWLUUDGLDQFHRIPROP-2 s-1. Incubation experiments lasted between 
DQGGD\VGHSHQGLQJRQH[SHULPHQWDOWUHDWPHQW1LWUDWHVLOLFDWHDQGSKRVSKDWH
FRQFHQWUDWLRQVZHUHPHDVXUHGRQDGDLO\EDVLVRYHUWKHFRXUVHRIWKHH[SHULPHQWV
&KO D FRQFHQWUDWLRQV ZHUH UHJXODUO\ PHDVXUHG WR GHWHUPLQH SK\WRSODQNWRQ JURZWK
rates. At the beginning and the end of each dilution taxonomic species composition, 
FHOOGHQVLW\DQGFKHPLFDOSDUDPHWHUVZHUHGHWHUPLQHGDVGHVFULEHGDERYH$VIRUWKH
&7'VWDWLRQVSK\VLRORJLFDODVVD\VZHUHFDUULHGRXW IRUDOO WUHDWPHQWV ,QDGGLWLRQWR
WKHVHPHDVXUHPHQWVÀOWHUHGVHDZDWHUVDPSOHVZHUHWDNHQWRHVWLPDWHLURQVSHFLDWLRQ
DQGGLVVROYHGLURQFRQFHQWUDWLRQ,URQXSWDNHUDWHVZHUHHVWLPDWHGE\WUDQVIHURIWKH
XQÀOWHUHGVHDZDWHULQWRKRI OLJKWH[SRVXUHPROP-2 s-1DIWHUDGGLWLRQRID
nM spike of 55)H$WWKHHQGRIWKHLQFXEDWLRQWLPHWKHVDPSOHZDVÀOWHUHGRQWR*))
ÀOWHUVDQGPORIVFLQWLOODWLRQFRFNWDLOZDVDGGHGWRHDFKVDPSOHDQGPHDVXUHGZLWK
DVFLQWLOODWLRQFRXQWHU75,&$5%RQERDUG
3UHOLPLQDU\H[SHFWHGUHVXOWV
$W WKLV VWDJH LW LV YHU\ GLIÀFXOW WR GLVFXVV SUHOLPLQDU\ UHVXOWV DVPRVW RI WKH WDNHQ
VDPSOHVVWLOOQHHGHLWKHUWREHDQDO\VHGRUWREHSURFHVVHG+RZHYHUWKHH[WHQVLYH
FKDUDFWHULVDWLRQRI&7'VWDWLRQVDORQJ WKHFUXLVH WUDFNZLOOKHOSXV WRSURYLGHD
EHWWHU HFRSK\VLRORJLFDO H[SODQDWLRQ IRU WKH VSDWLDO GLVWULEXWLRQ RI 6RXWKHUQ 2FHDQ
SK\WRSODQNWRQ. (VSHFLDOO\ WKH VXFFHVVIXO SHUIRUPDQFH RI VKLSERDUG LURQ&22
manipulation experiments will bring us a step forward and will enable us to gain a 
SURFHVVEDVHGXQGHUVWDQGLQJRIKRZWKHWZRHQYLURQPHQWDOIDFWRUVLURQDQG&22 will VKDSHWKH6RXWKHUQ2FHDQSK\WRSODQNWRQFRPPXQLW\VWUXFWXUHDOWHUSURGXFWLYLW\DQG
SK\WRSODQNWRQJURZWKLQWKHIXWXUH
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5.7 Biogenic gas distributions along frontal zones in the Southern Ocean
 %LRJHQLF JDV GLVWULEXWLRQV DORQJ IURQWDO ]RQHV LQ WKH 6RXWKHUQ
Ocean
&RQVWDQFH&RXWXUH&KULVWRSKHU3D\QH3KLOLSSH7RUWHOOQRWRQERDUG
8QLYHUVLW\RI%ULWLVK&ROXPELD
Obbjectives
7KHEURDGVFDOHSDWWHUQVRIELRORJLFDOSURGXFWLYLW\DQGELRJHQLFJDVGLVWULEXWLRQVLQWKH
6RXWKHUQ2FHDQDUHUHDVRQDEO\ZHOOXQGHUVWRRG+RZHYHUVDWHOOLWHLPDJHU\UHYHDOV
VLJQLÀFDQWPHVRVFDOHDQGVXEPHVRVFDOHYDULDELOLW\ LQELRORJLFDODQGSK\VLFDOÀHOGV
WKDWLVOLNHO\DVVRFLDWHGZLWKIURQWDO]RQHVFRQWLQHQWDOVKHOI LQWHUDFWLRQVDQGVHDLFH
G\QDPLFV 7KLV VPDOOVFDOH KHWHURJHQHLW\  NP LV YHU\ GLIÀFXOW WR FDSWXUH
XVLQJFRQYHQWLRQDOK\GURJUDSKLFVXUYH\VZLWKGLVFUHWHVDPSOLQJVWDWLRQVVHSDUDWHGE\
large distances. The goal of this project was to map, with high spatial resolution, the 
ÀQHVFDOHGLVWULEXWLRQRIVXUIDFHZDWHUS&22ELRORJLFDOR[\JHQVDWXUDWLRQ22$UDQGGLPHWK\OVXOÀGH'06XVLQJVKLSERDUGPDVVVSHFWURPHWU\
Work at sea
8QGHUZD\JDVPHDVXUHPHQWVZHUHFRQGXFWHGXVLQJPHPEUDQHLQOHWPDVVVSHFWURPHWU\
0,066HDZDWHUIURPWKHVKLSҋV7HÁRQXQGHUZD\VXSSO\ZDVFRQWLQXRXVO\SXPSHGWR
DÁRZWKURXJKVDPSOLQJFXYHWWHDWWDFKHGWRDTXDGUXSROHPDVVVSHFWURPHWHU*DVHV
ZHUHH[WUDFWHGDFURVVDPHPEUDQHLQWHUIDFHDQGDQDO\]HGVHOHFWLYHO\RQWKHEDVLVRI
FKDUJHWRPDVVUDWLRVHYHU\aVHFRQGV*DVFRQFHQWUDWLRQVZHUHFDOLEUDWHGXVLQJ
WHPSHUDWXUH FRQWUROOHG VHDZDWHU VDPSOHV FRQWLQXRXVO\ EXEEOHG ZLWK VWDQGDUG JDV
mixtures. Measurements were made along the entire ship track.
3UHOLPLQDU\UHVXOWV
During our southbound transit from South Africa along the Greenwich meridian we 
REVHUYHGYHU\OLWWOHFKDQJHLQJDVHVZLWK22$UDQG&22 near atmospheric equilibrium. 
Once in the ice and in the Weddell Sea we observed large changes in all gases on 
VPDOOWLPHDQGVSDWLDOVFDOHV7KHORZHVWS&22 concentrations corresponded to areas RIKLJKSK\WRSODQNWRQELRPDVVDVPHDVXUHGE\FKORURSK\OO aLQWKH:HGGHOO6HDDQG
west of the Antarctic Peninsula. O2$UDQG&22ZHUHVWURQJO\DQWLFRUUHODWHGWKURXJKRXWWKHVWXG\DUHD LQGLFDWLQJ WKDWELRORJLFDODFWLYLW\ UDWKHU WKDQSK\VLFDOHIIHFWVH[HUWHG
DGRPLQDQW FRQWURO RQ&22 and O2 distributions in this region. DMS concentrations ZHUH YHU\ ORZ LQ WKH6RXWKHUQ2FHDQ WUDQVLW DQGPXFK KLJKHU DQG YDULDEOH LQ WKH
sea ice area, as well as in the Weddell Sea and area west of the Antarctic Peninsula. 
DMS concentrations of >250 nM were measured in the western side of the Weddell 
6HDFRPSDUDEOHWRPD[LPXPFRQFHQWUDWLRQVSUHYLRXVO\PHDVXUHGRQFUXLVHVLQWKH
Ross Sea and Amundsen Sea. Large shifts in DMS concentrations were often, but not 
DOZD\VFRUUHODWHGZLWKVKLIWVLQERWK&22 and O2.
This research has provided valuable new information on the distribution of climate-active 
ELRJHQLFJDVHVLQWKH6RXWKHUQ2FHDQZLWKXQSUHFHGHQWHGVSDWLDOUHVROXWLRQS&22
and DMS measurements will be used, in conjunction with sea ice and wind-speed data 
WRFRPSXWHVHDDLUÁX[HV22$UGDWDZLOOEHXVHGWRGHULYHHVWLPDWHVRIQHWFRPPXQLW\SURGXFWLRQ LH :DWHU FROXPQ SKRWRV\QWKHVLV PLQXV FRPPXQLW\ UHVSLUDWLRQ7KHVH
SDUDPHWHUVZLOO EH H[DPLQHG DFURVV D UDQJH RI SK\VLFDO DQG ELRORJLFDO FRQGLWLRQV
HQDEOLQJXVWRXQGHUVWDQGWKHLQÁXHQFHRIIURQWDO]RQHVFRQWLQHQWDOVKHOILQSXWVDQG
VHDLFHG\QDPLFVLQGULYLQJ6RXWKHUQ2FHDQELRJHRFKHPLFDOSURFHVVHV
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 3$,17,1*$1'3+272*5$3+<
Frank Rödel
The work on board and later on land comprises four aspects:
1. 'RFXPHQWDWLRQE\GLJLWDOSKRWRJUDSKVOLIHRQERDUGVFLHQWLÀFZRUNDQGODQGVFDSH
2. At the end of the cruise 900 processed slides will be made available to the cruise 
participants and AWI.
3. Analog photographs will be available after the cruise and after processing at 
home.
4. 2QERDUGSDLQWLQJVGLVSOD\LQJREVHUYHGODQGVFDSHVZHUHSURGXFHGLQSDVWHO
Indian ink and water colour on copper plate printing paper. The major part of the 
painting work will occur after the return in the artist’s workshop.
5. 7KHPDLQREMHFWLYHRI WKHDUWLVWҋVDFWLYLW\ZLOOEHDVHULHVRIPHGLXPDQG ODUJH
VFDOH SLFWXUHVRQ FDQYDV LQ UHIHUHQFH WR WKHWKDQQLYHUVDU\ RI WKH UDFH WR
WKHSROHE\$PXQGVHQXQG6FRWW ,WZLOO EHDPL[RI WHFKQLTXHV LQFOXGLQJ IUHH
painting and printing on Japanese tissue paper laminated on canvas. The printed 
parts will be derived from original historic photographs and those taken during the 
cruise. This work will occur in the artist’s workshop.
7KHUHVXOWVZLOOEHSUHVHQWHGLQDVHULHVRIH[KLELWLRQVGXULQJWKHQH[WIHZ\HDUV
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 $&.12:/('*(0(176
We collected impressive data sets and obtained a wealth of samples. We achieved 
RXU ORJLVWLF WDVNV DW 1HXPD\HU,,,6WDWLRQ DQG5RWKHUDZKDW SURYLGHG D IDVFLQDWLQJ
H[SHULHQFHWRWKHVFLHQWLVWV0RVWO\FDOPZHDWKHUDQGHDV\LFHFRQGLWLRQVIDFLOLWDWHGRXU
SURJUHVVDQGZRUN+RZHYHUEH\RQGWKHH[FHOOHQWWHFKQLFDOHTXLSPHQWRIPolarstern, it 
ZDVWKHFUHZZKRPDGHRXUOLYHVDQGRXUZRUNRQERDUGHDV\DQGHQMR\DEOHZLWKWKHLU
outstanding professionalism and willingness to help. We like to express our sincere 
JUDWLWXGH WR0DVWHU:XQGHUOLFKDQGKLVHQWLUHFUHZ IRU WKHLUKRVSLWDOLW\DQGVXSSRUW
%H\RQGWKDWZHDUHDZDUHWKDWQXPHURXVSHRSOHRIZKRPZHDUHQRWDEOHWRFDOOWKHP
DOOE\QDPHFRQWULEXWHGWRWKHVXFFHVVRIWKHFUXLVHE\SODQQLQJSUHSDUDWLRQDQGZKLOH
we have been at sea. 
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Helmholtz-Gemeinschaft
Am Handelshafen 12 
27570 Bremerhaven
*HUPDQ\
DWD Deutscher Wetterdienst
Geschäftsbereich Wettervorhersage
Seeschifffahrtsberatung
Bernhard-Nocht-Strasse 76
20359 Hamburg
*HUPDQ\
DZMB Forschungsinstitut Senckenberg
Deutsches Zentrum für Marine 
Biodiversitätsforschung
Südstrand 44
26382 Wilhelmshaven
*HUPDQ\
FTZ-Westküste FTZ Westküste
Hafentrön 1
25761 Büsum
*HUPDQ\
HeliService HeliService International GmbH
Am Luneort 15
27572 Bremerhaven
*HUPDQ\
HZG Helmholtz-Zentrum Geesthacht - Zentrum für Mate-
rial- und Küstenforschung GmbH 
Max Planck- Str. 1, 
21502 Geesthacht
*HUPDQ\
IFM-GEOMAR Leibniz-Institut für Meereswissenschaften 
an der Universität Kiel 
Düsternbrooker Weg 20
24105 Kiel
*HUPDQ\
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Address
IUP ,QVWLWXWIU8PZHOWSK\VLN
Universität Bemen
Otto-Hahn-Allee, NW1
D-28334 Bremen,
*HUPDQ\
Laeisz 5HHGHUHL)/DHLV]%UHPHUKDYHQ*PE+
Brückenstrasse 25
27568 Bremerhaven
*HUPDQ\
LEGI LEGI-MEOM
B.P. 53
*UHQREOH&HGH[
France
MPI Max-Planck-Institut für Meteorologie
Bundesstraße 53, 
20146 Hamburg
*HUPDQ\
MSU 0RVFRZ6WDWH8QLYHUVLW\DQG1..ROWVRY,QVWLWXWH
RI'HYHORSPHQWDO%LRORJ\
5XVVLDQ$FDGHP\RI6FLHQFHV
Moscow, Russia
NIOZ Koninklijk Nederlands Instituut vor Onderzoek der 
Zee
'HSDUWPHQWIRU0DULQH&KHPLVWU\DQG*HRORJ\
P.O. Box 59
1790 AB Den Burg
The Netherlands
OPTIMARE 237,0$5(6HQVRUV\VWHPH$*
Am Luneort 15A
27572 Bremerhaven
*HUPDQ\
PIK Potsdam-Institut für Klimafolgenforschung
Telegrafenberg 31
14473 Potsdam
*HUPDQ\
VNIRO Russian Federal Research Institute of Fisheries and
2FHDQRJUDSK\
9.UDVQRVHOVND\D
Moscow 107140
Russia
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Address
8%& 8QLYHUVLW\RI%ULWLVK&ROXPELD
Department of Earth and Ocean Science
6339 Stores Road
9DQFRXYHU%&
&DQDGD97=
8& 8QLYHUVLW\RI&RQQHFWLFXW$YHU\3RLQW
1080 Shennecossett Road
*URWRQ&7
USA
vTI Johann Heinrich von Thünen-Institut,
Bundesforschungsinstitut für Ländliche Räume, 
Wald und Fischerei
Institut für Seefischerei
Palmaille 9
22767 Hamburg
*HUPDQ\
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$ )$+577(,/1(+0(5&58,6(3$57,&,3$176
Name First Name Institute 3URIHVVLRQ Nationality
Arndt Stefanie AWI 6WXGHQWPHWHRURORJ\ *HUPDQ\
Bakker Karel NIOZ (QJLQHHUFKHPLVWU\ The Netherlands
Batta Lona Paola 8& 3K'VWXGELRORJ\ Mexico
Bittig +HQU\ IFM-GEOMAR Ph.D. stud., 
FKHPLVWU\
*HUPDQ\
Boebel Olaf AWI Oceanographer *HUPDQ\
Bombosch Annette AWI 3K'VWXGELRORJ\ *HUPDQ\
Buldt Klaus DWD 7HFKQPHWHRURORJ\ *HUPDQ\
Bulsiewicz Klaus IUP 7HFKQSK\VLFV *HUPDQ\
&RXWXUH &RQVWDQFH 8%& Biologist &DQDGD
Degenhardt Philipp IUP 6WXGHQWSK\VLFV *HUPDQ\
Dufour &DUROLQD LEGI 3K'VWXGSK\VLFV France
Fahrbach Eberhard AWI Oceanographer
&KLHIVFLHQWLVW
*HUPDQ\
Gall Fabian HeliService Techn., helicopter *HUPDQ\
Gebauer Manfred DWD Meteorologist *HUPDQ\
Hammrich Klaus HeliService Pilot *HUPDQ\
Haraldsson Matilda vTI 3K'VWXGELRORJ\ Sweden
Heckmann Markus HeliService Techn., helicopter *HUPDQ\
Hesse Tilmann AWI 3K'VWXGSK\VLFV *HUPDQ\
Hoppe &ODUD AWI 3K'VWXGELRORJ\ *HUPDQ\
Hoppema Jan Marinus AWI &KHPLVW The Netherlands
Huhn Oliver IUP 3K\VLFLVW *HUPDQ\
Jones Elizabeth NIOZ &KHPLVW U.K.
Kindermann Lars AWI 3K\VLFLVW *HUPDQ\
Klatt Olaf AWI 3K\VLFLVW *HUPDQ\
Lehnert Linn-Sophia FTZ - Westküste 3K'VWXGELRORJ\ *HUPDQ\
Lindner Roland HeliService Pilot *HUPDQ\
Macrander Andreas AWI Oceanographer *HUPDQ\
Martin Maria PIK 3K'VWXGSK\VLFV *HUPDQ\
Menzel Uta AWI 6WXGHQWSK\VLFV *HUPDQ\
Möller Axel HZG Ph.D. stud., 
FKHPLVWU\
*HUPDQ\
Monsees Matthias AWI Techn., 
RFHDQRJUDSK\
*HUPDQ\
Mühlenhardt-
Siegel
Ute DZMB Biologist *HUPDQ\
3D\QH &KULVWRSKHU 8%& 7HFKQLFLDQELRORJ\ &DQDGD
Pfeiffer Madlene AWI 3K'VWXGSK\VLFV Romania
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Name First Name Institute 3URIHVVLRQ Nationality
Rettig Stefanie AWI (QJRFHDQRJUDSK\ *HUPDQ\
Richter Ulrike AWI 7HFKQLFLDQFKHPLVWU\ Austria
Risch Denise FTZ - Westküste 3K'VWXGELRORJ\ *HUPDQ\
Rocholl &DUVWHQ FTZ - Westküste Geographer *HUPDQ\
Rödel Frank Artist *HUPDQ\
Rohardt Gerd AWI Oceanographer *HUPDQ\
Sander Hendrik Optimare 3K\VLFLVW *HUPDQ\
Schwegmann Sandra AWI 3K'VWXGSK\VLFV *HUPDQ\
Siegel Volker vTI Biologist *HUPDQ\
Sologub Denis SIO 3K'6WXGELRORJ\ Russia
Strothmann Olaf AWI Techn., 
RFHDQRJUDSK\
*HUPDQ\
Suer Birgit vTI 7HFKQLFLDQELRORJ\ *HUPDQ\
Trimborn Scarlett AWI Biologist *HUPDQ\
8U\XSRYD .DW\D MSU Biologist Russia
Verdaat Hans FTZ - Westküste Biologist The Netherlands
Walter Jörg AWI Techn., 
RFHDQRJUDSK\
*HUPDQ\
Winkelmann Ricarda PIK 3K'VWXGSK\VLFV *HUPDQ\
Wolschke Hendrik HZG 6WXGFKHPLVWU\ *HUPDQ\
Zitterbart Daniel AWI 3K'VWXGSK\VLFV USA
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$ 6&+,))6%(6$7=81*6+,3ҋ6&5(:
Name Rank
Wunderlich, Thomas Master
Spielke, Steffen 1. Offc.
Krohn, Günter &K(QJ
Fallei, Holger 2. Offc.
Janik, Michael 2. Offc.
Reinstädler, Marco 2. Offc.
Erich, Matthias Doctor
Hecht, Andreas R. Offc.
Minzlaff, Hans-Ulrich 2. Eng.
Ziemann, Olaf 2. Eng.
)DU\VFK7LP 3. Eng.
Scholz, Manfred Elec. Eng.
Fröb, Martin ELO
Himmel,Frank ELO
Muhle, Helmut ELO
Winter, Andreas ELO
Loidl, Reiner Boatsw.
Reise, Lutz &DUSHQWHU
Bäcker, Andreas A.B.
Brickmann, Peter A.B.
Guse, Hartmut A.B.
Hagemann, Manfred A.B.
Pousada Martinez, Saturnio A.B.
Scheel, Sebastian A.B.
Schmidt, Uwe A.B.
Wende, Uwe A.B.
Winkler, Michael A.B.
Preußner, Jörg Storek.
Elsner, Klaus Mot-man
Pinske, Lutz Mot-man
Plehn, Markus Mot-man
Teichert, Uwe Mot-man
9R\%HUQG Mot-man
Müller-Homburg, Ralf-Dieter &RRN
Martens, Michael &RRNVPDWH
Silinski, Frank &RRNVPDWH
&]\ERUUD%lUEHO 1. Stwdess
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Wöckener, Martina Stwdess/N.
Arendt, René 2. Steward
Gaude, Hans-Jürgen 2. Steward
Hu, Guo Yong 2. Steward
6LOLQVNL&DUPHQ 2. Stwdess
Sun, Yong Sheng 2. Steward
Yu, Kwok Yuen /DXQGU\P
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$67$7,216/,67(67$7,21/,6736
Station Date Time 3RVLWLRQ 3RVLWLRQ Depth *HDU Action Comment
[UTC] [UTC] /DW*36 /RQ*36 [m]
PS77/13-1 30.11.2010 01:55 37° 5.60' S 12° 46.08' E 4826 &7'52 in the water
PS77/13-1 30.11.2010 03:38 37° 5.74' S 12° 46.21' E 4795 &7'52 on ground/max depth EL31 4944m
PS77/13-2 30.11.2010 03:44 37° 5.75' S 12° 46.22' E 4795 PIES released ANT3-2 R
PS77/13-1 30.11.2010 05:04 37° 5.78' S 12° 46.14' E 4793 &7'52 on deck
PS77/13-3 30.11.2010 06:31 37° 5.84' S 12° 45.23' E 4904 PIES slipped ANT3-3 D
PS77/13-3 30.11.2010 07:40 37° 5.82' S 12° 45.47' E 4872 PIES on ground/max depth No Posidonia data
PS77/13-2 30.11.2010 09:00 37° 6.56' S 12° 45.51' E 4944 PIES release failed ANT3-2 R failed
PS77/14-1 01.12.2010 03:25 39° 12.85' S 11° 20.07' E 5126 &7'52 in the water
PS77/14-1 01.12.2010 05:10 39° 12.58' S 11° 20.89' E 4920 &7'52 on ground/max depth EL31 5017m
PS77/14-1 01.12.2010 06:47 39° 12.65' S 11° 21.40' E 4921 &7'52 on deck
PS77/14-2 01.12.2010 07:35 39° 12.62' S 11° 20.39' E 5139 PIES released ANT4-1 R
PS77/14-2 01.12.2010 10:00 39° 12.67' S 11° 19.69' E 0 PIES release failed ANT4-1 R failed
PS77/14-3 01.12.2010 10:13 39° 12.71' S 11° 19.57' E 5139 PIES slipped ANT4-2 D
PS77/14-3 01.12.2010 11:39 39° 12.43' S 11° 19.96' E 0 PIES on ground/max depth Posidonia: PIES ascending
PS77/14-3 01.12.2010 12:44 39° 12.88' S 11° 19.79' E 0 PIES at surface
PS77/14-3 01.12.2010 13:14 39° 13.19' S 11° 20.57' E 5186 PIES on deck ANT4-2 D failed
PS77/15-1 02.12.2010 03:37 41° 7.38' S 9° 57.73' E 4716 &7'52 in the water
PS77/15-1 02.12.2010 05:07 41° 7.48' S 9° 57.74' E 4716 &7'52 on ground/max depth EL31 4776m
PS77/15-2 02.12.2010 05:53 41° 7.39' S 9° 57.76' E 4717 PIES released ANT5-2 R
PS77/15-1 02.12.2010 06:41 41° 7.21' S 9° 57.86' E 4713 &7'52 on deck
PS77/15-2 02.12.2010 07:13 41° 7.23' S 9° 57.76' E 4714 PIES at surface
PS77/15-2 02.12.2010 07:30 41° 7.30' S 9° 57.89' E 4717 PIES on deck
PS77/15-3 02.12.2010 08:05 41° 9.77' S 9° 55.31' E 4624 PIES slipped ANT5-3 D
PS77/15-3 02.12.2010 09:30 41° 9.78' S 9° 55.17' E 4631 PIES on ground/max depth POS 41°  9.74' S 9° 55.34' E
PS77/15-4 02.12.2010 09:44 41° 9.73' S 9° 55.08' E 4603 AFLOAT in the water Float # 01
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[UTC] [UTC] /DW*36 /RQ*36 [m]
PS77/16-1 02.12.2010 22:17 42° 58.80' S 8° 30.15' E 3930 PIES slipped ANT6-1 D
PS77/16-2 02.12.2010 22:46 42° 58.92' S 8° 30.04' E 3930 &7'52 in the water
PS77/16-1 02.12.2010 23:29 42° 58.94' S 8° 30.08' E 3930 PIES on ground/max depth POS 42° 58.76‘ S 08° 30.00‘ E
PS77/16-2 03.12.2010 00:04 42° 58.94' S 8° 30.08' E 3930 &7'52 on ground/max depth EL31 3963m
PS77/16-2 03.12.2010 01:21 42° 58.69' S 8° 29.95' E 3930 &7'52 on deck
PS77/16-3 03.12.2010 01:28 42° 58.89' S 8° 30.14' E 3929 AFLOAT in the water Float # 02
PS77/17-1 03.12.2010 14:06 44° 39.51' S 7° 6.38' E 4593 PIES released ANT7-3 R
PS77/17-1 03.12.2010 15:30 44° 39.57' S 7° 6.64' E 0 PIES at surface
PS77/17-1 03.12.2010 18:05 44° 38.15' S 7° 6.65' E 4639 PIES on deck
PS77/17-2 03.12.2010 18:37 44° 39.73' S 7° 5.15' E 4593 PIES in the water ANT7-4 D
PS77/17-3 03.12.2010 19:04 44° 40.16' S 7° 5.34' E 4587 &7'52 in the water
PS77/17-2 03.12.2010 19:57 44° 40.18' S 7° 5.51' E 4587 PIES on ground/max depth POS 44° 39.65‘ S 07° 05.25‘ E
PS77/17-3 03.12.2010 20:36 44° 40.16' S 7° 5.52' E 4586 &7'52 on ground/max depth EL31 4636m
PS77/17-3 03.12.2010 22:03 44° 40.12' S 7° 5.89' E 4589 &7'52 on deck
PS77/17-4 03.12.2010 22:10 44° 40.10' S 7° 5.95' E 4591 AFLOAT in the water Float #03
PS77/18-1 04.12.2010 14:55 46° 12.97' S 5° 40.23' E 4786 PIES slipped ANT8-1 D
PS77/18-2 04.12.2010 15:22 46° 12.83' S 5° 40.99' E 4824 &7'52 in the water
PS77/18-1 04.12.2010 16:48 46° 13.17' S 5° 40.94' E 4843 PIES on ground/max depth POS 46° 12.95' S 5° 40.17' E
PS77/18-2 04.12.2010 16:55 46° 13.17' S 5° 40.99' E 4851 &7'52 on ground/max depth EL31 4868m
PS77/18-2 04.12.2010 18:35 46° 13.25' S 5° 41.23' E 4823 &7'52 on deck
PS77/18-3 04.12.2010 18:42 46° 13.24' S 5° 41.25' E 4822 AFLOAT in the water Float #04
PS77/19-1 05.12.2010 08:02 47° 39.37' S 4° 15.78' E 4545 PIES released ANT9-2 R
PS77/19-1 05.12.2010 09:40 47° 39.15' S 4° 16.35' E 4545 PIES at surface
PS77/19-1 05.12.2010 09:49 47° 38.95' S 4° 16.18' E 4545 PIES on deck
PS77/19-2 05.12.2010 10:20 47° 39.87' S 4° 15.22' E 4541 PIES slipped ANT9-3 D
PS77/19-3 05.12.2010 10:47 47° 39.78' S 4° 15.38' E 4543 &7'52 in the water
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PS77/19-3 05.12.2010 12:26 47° 39.63' S 4° 15.33' E 0 &7'52 on ground/max depth EL31 4595m
PS77/19-4 05.12.2010 13:50 47° 39.63' S 4° 15.35' E 4543 %8&.(7 in the water
PS77/19-4 05.12.2010 13:59 47° 39.64' S 4° 15.37' E 4543 %8&.(7 on deck
PS77/19-2 05.12.2010 14:32 47° 39.76' S 4° 15.36' E 4544 PIES on ground/max depth No Posidonia reception
PS77/19-3 05.12.2010 14:32 47° 39.76' S 4° 15.36' E 4544 &7'52 on deck
PS77/19-5 05.12.2010 14:36 47° 39.81' S 4° 15.32' E 4543 AFLOAT in the water Float #05
PS77/20-1 06.12.2010 01:31 49° 0.69' S 2° 50.07' E 0 PIES released ANT10-1 R
PS77/20-2 06.12.2010 03:58 49° 0.77' S 2° 50.05' E 4056 PIES slipped ANT10-2 D
PS77/20-3 06.12.2010 04:27 49° 0.78' S 2° 50.03' E 4056 &7'52 in the water
PS77/20-2 06.12.2010 05:08 49° 0.84' S 2° 49.92' E 4052 PIES on ground/max depth No Posidonia reception
PS77/20-3 06.12.2010 05:56 49° 0.87' S 2° 49.81' E 4050 &7'52 on ground/max depth EL32 4079m
PS77/20-3 06.12.2010 07:12 49° 1.10' S 2° 50.03' E 4052 &7'52 on deck
PS77/20-4 06.12.2010 07:18 49° 1.10' S 2° 50.12' E 4057 AFLOAT in the water Float #06
PS77/20-1 06.12.2010 07:18 49° 1.10' S 2° 50.12' E 4057 PIES release failed ANT10-1 R failed
PS77/21-1 06.12.2010 19:05 50° 15.50' S 1° 26.58' E 3876 PIES released ANT11-3 R
PS77/21-1 06.12.2010 20:33 50° 15.71' S 1° 26.43' E 3875 PIES at surface
PS77/21-1 06.12.2010 20:42 50° 15.57' S 1° 26.65' E 3875 PIES on deck
PS77/21-2 06.12.2010 20:55 50° 15.63' S 1° 26.76' E 3868 &7'52 in the water
PS77/21-2 06.12.2010 22:28 50° 15.61' S 1° 26.64' E 3870 &7'52 on ground/max depth EL31 3887m
PS77/21-2 06.12.2010 23:42 50° 15.61' S 1° 26.78' E 3867 &7'52 on deck
PS77/21-3 07.12.2010 00:13 50° 15.45' S 1° 25.18' E 3901 PIES slipped ANT11-4 D
PS77/21-3 07.12.2010 01:22 50° 15.17' S 1° 24.97' E 3907 PIES on ground/max depth POS 50° 15.33' S 1° 25.00' E
PS77/21-4 07.12.2010 01:30 50° 15.34' S 1° 25.02' E 3904 AFLOAT in the water Float #07
PS77/22-1 07.12.2010 10:52 51° 25.15' S 0° 0.24' E 2713 PIES slipped ANT12-1 D
PS77/22-2 07.12.2010 11:20 51° 25.17' S 0° 0.36' E 2712 &7'52 in the water
PS77/22-1 07.12.2010 11:42 51° 25.13' S 0° 0.28' E 2712 PIES on ground/max depth POS 51° 25.23' S 0°  0.42' E
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PS77/22-2 07.12.2010 12:28 51° 25.17' S 0° 0.33' E 2711 &7'52 on ground/max depth 2703m
PS77/22-2 07.12.2010 13:26 51° 25.08' S 0° 0.27' E 2711 &7'52 on deck
PS77/22-3 07.12.2010 13:31 51° 25.21' S 0° 0.52' E 2712 AFLOAT in the water Float #08
PS77/23-1 07.12.2010 16:45 51° 56.78' S 0° 0.06' W 2861 &7'52 in the water
PS77/23-1 07.12.2010 17:48 51° 56.73' S 0° 0.22' W 2856 &7'52 on ground/max depth SE32.1  2851m
PS77/23-1 07.12.2010 18:45 51° 56.65' S 0° 0.12' W 2851 &7'52 on deck
PS77/24-1 07.12.2010 22:10 52° 28.27' S 0° 0.12' W 2590 &7'52 in the water
PS77/24-1 07.12.2010 23:14 52° 28.22' S 0° 0.01' W 2595 &7'52 on ground/max depth SE32.1 2583m
PS77/24-1 08.12.2010 00:12 52° 28.19' S 0° 0.27' W 2586 &7'52 on deck
PS77/24-2 08.12.2010 00:18 52° 28.21' S 0° 0.12' E 2590 AFLOAT in the water Float #09
PS77/25-1 08.12.2010 03:47 53° 0.50' S 0° 0.01' E 2493 &7'52 in the water
PS77/25-1 08.12.2010 04:42 53° 0.65' S 0° 0.01' W 2483 &7'52 on ground/max depth SE32.1 2475m
PS77/25-1 08.12.2010 05:35 53° 0.71' S 0° 0.02' E 2482 &7'52 on deck
PS77/26-1 08.12.2010 09:11 53° 30.97' S 0° 0.40' E 2645 PIES released ANT13-2 R
PS77/26-1 08.12.2010 10:08 53° 31.38' S 0° 0.64' E 0 PIES at surface
PS77/26-1 08.12.2010 10:51 53° 30.98' S 0° 1.01' E 2725 PIES on deck
PS77/26-2 08.12.2010 11:23 53° 31.22' S 0° 0.13' E 2642 PIES slipped ANT13-3 D
PS77/26-3 08.12.2010 11:47 53° 31.26' S 0° 0.22' E 2640 &7'52 in the water
PS77/26-2 08.12.2010 12:09 53° 31.27' S 0° 0.24' E 2640 PIES on ground/max depth POS 53° 31.20' S 0°  0.23' E
PS77/26-3 08.12.2010 12:57 53° 31.20' S 0° 0.05' W 2642 &7'52 on ground/max depth SE32.1 2628m
PS77/26-3 08.12.2010 13:54 53° 31.11' S 0° 0.39' W 2657 &7'52 on deck
PS77/27-1 08.12.2010 17:25 54° 0.03' S 0° 0.00' W 2531 &7'52 in the water
PS77/27-1 08.12.2010 18:57 54° 0.17' S 0° 0.18' W 2474 &7'52 on ground/max depth SE32.1 2427m
PS77/27-1 08.12.2010 19:50 54° 0.28' S 0° 0.23' W 2409 &7'52 on deck
PS77/27-2 08.12.2010 19:59 54° 0.52' S 0° 0.26' W 2459 AFLOAT in the water Float #10
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PS77/28-1 08.12.2010 23:14 54° 30.63' S 0° 0.02' E 1669 &7'52 in the water
PS77/28-1 09.12.2010 00:04 54° 30.61' S 0° 0.28' E 1685 &7'52 on ground/max depth SE32.1 1655m
PS77/28-1 09.12.2010 00:44 54° 30.53' S 0° 0.09' E 1667 &7'52 on deck
PS77/29-1 09.12.2010 04:10 55° 0.27' S 0° 0.01' E 1733 &7'52 in the water
PS77/29-1 09.12.2010 04:54 55° 0.35' S 0° 0.04' W 1756 &7'52 on ground/max depth SE32.1 1723m
PS77/29-1 09.12.2010 05:33 55° 0.36' S 0° 0.06' E 1739 &7'52 on deck
PS77/29-2 09.12.2010 05:37 55° 0.33' S 0° 0.13' E 1734 AFLOAT in the water Float #11
PS77/30-1 09.12.2010 06:02 55° 3.62' S 0° 0.16' W 2582 IFISH in the water
PS77/30-1 09.12.2010 07:03 55° 8.55' S 0° 0.03' W 3345 IFISH on deck
PS77/31-1 09.12.2010 09:41 55° 30.06' S 0° 0.03' E 3785 &7'52 in the water
PS77/31-1 09.12.2010 11:17 55° 30.04' S 0° 0.36' E 3790 &7'52 on ground/max depth SE32.1 3793 m
PS77/31-1 09.12.2010 12:38 55° 29.99' S 0° 0.63' E 3782 &7'52 on deck
PS77/31-2 09.12.2010 12:42 55° 30.05' S 0° 0.66' E 3779 AFLOAT in the water Float #12
PS77/32-1 09.12.2010 16:12 55° 59.91' S 0° 0.07' E 3781 &7'52 in the water
PS77/32-1 09.12.2010 17:36 56° 0.02' S 0° 0.00' W 3863 &7'52 on ground/max depth SE32.1 3787m
PS77/32-1 09.12.2010 18:49 56° 0.07' S 0° 0.24' E 3729 &7'52 on deck
PS77/32-2 09.12.2010 18:56 56° 0.02' S 0° 0.10' E 3764 AFLOAT in the water Float #13
PS77/33-1 09.12.2010 22:14 56° 29.95' S 0° 0.09' W 5056 &7'52 in the water
PS77/33-1 09.12.2010 23:50 56° 30.02' S 0° 0.06' E 4077 &7'52 on ground/max depth SE32.1 4091m
PS77/33-1 10.12.2010 01:08 56° 30.17' S 0° 0.13' E 4105 &7'52 on deck
PS77/34-1 10.12.2010 04:15 56° 55.71' S 0° 0.01' W 3673 PIES slipped ANT14-1 D
PS77/34-2 10.12.2010 04:40 56° 55.80' S 0° 0.02' E 3682 &7'52 in the water
PS77/34-1 10.12.2010 05:26 56° 55.90' S 0° 0.01' W 3693 PIES on ground/max depth POS 56° 55.60' S 0°  0.10' W
PS77/34-2 10.12.2010 06:04 56° 55.98' S 0° 0.18' W 3698 &7'52 on ground/max depth SE32.1 3694m
PS77/34-2 10.12.2010 07:22 56° 56.10' S 0° 0.57' W 3709 &7'52 on deck
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PS77/35-1 10.12.2010 11:20 57° 29.98' S 0° 0.54' W 4001 &7'52 in the water
PS77/35-1 10.12.2010 12:45 57° 29.92' S 0° 0.86' W 3936 &7'52 on ground/max depth SE32.1 3977m
PS77/35-1 10.12.2010 14:08 57° 29.61' S 0° 0.98' W 3940 &7'52 on deck
PS77/35-2 10.12.2010 14:14 57° 29.53' S 0° 0.62' W 3914 NFLOAT in the water Float #14
PS77/36-1 10.12.2010 17:29 58° 0.01' S 0° 0.02' W 4536 &7'52 in the water
PS77/36-1 10.12.2010 19:04 57° 59.79' S 0° 0.06' W 4541 &7'52 on ground/max depth SE32.1 4541m
PS77/36-1 10.12.2010 20:30 57° 59.54' S 0° 0.09' E 4544 &7'52 on deck
PS77/36-2 10.12.2010 20:36 57° 59.62' S 0° 0.40' E 4522 NFLOAT in the water Float #15
PS77/37-1 10.12.2010 23:53 58° 30.00' S 0° 0.04' W 4195 &7'52 in the water
PS77/37-1 11.12.2010 01:19 58° 29.93' S 0° 0.38' E 4147 &7'52 on ground/max depth SE32.1 4192m
PS77/37-1 11.12.2010 02:45 58° 29.88' S 0° 1.17' E 4017 &7'52 on deck
PS77/38-1 11.12.2010 06:43 59° 2.32' S 0° 5.29' E 4645 PIES released ANT15-1 R
PS77/38-1 11.12.2010 08:06 59° 2.23' S 0° 5.19' E 4645 PIES at surface
PS77/38-1 11.12.2010 08:27 59° 2.12' S 0° 4.86' E 4641 PIES on deck
PS77/39-1 11.12.2010 08:56 59° 4.18' S 0° 4.59' E 4681 MOOR Posidonia AWI227-10 R
PS77/39-1 11.12.2010 09:41 59° 3.97' S 0° 4.45' E 4679 MOOR released AWI227-10 R
PS77/39-1 11.12.2010 12:10 59° 4.13' S 0° 4.55' E 4680 MOOR on ground/max depth AWI227-10 R failed
PS77/40-1 11.12.2010 13:40 59° 9.42' S 0° 2.21' W 4742 MOOR on ground/max depth MARU#1 R attempted
PS77/40-1 11.12.2010 15:10 59° 9.92' S 0° 1.31' E 4733 MOOR on ground/max depth 0$585FDQFHOOHGLFH
PS77/41-1 11.12.2010 16:20 59° 1.25' S 0° 9.63' E 4585 MOOR in the water $:,'WRSÁRDWDWLRQ
PS77/41-1 11.12.2010 17:54 59° 3.36' S 0° 6.19' E 4658 MOOR slipped Anchor slipped
PS77/41-1 11.12.2010 18:28 59° 3.02' S 0° 6.63' E 4646 MOOR on ground/max depth 3RVLGRQLDÀ[HVXQFHUWDLQ
PS77/42-2 11.12.2010 18:51 59° 2.37' S 0° 5.29' E 4647 PIES slipped ANT15-2 D
PS77/42-2 11.12.2010 19:20 59° 2.33' S 0° 6.07' E 4639 &7'52 in the water
PS77/42-2 11.12.2010 20:16 59° 2.30' S 0° 6.27' E 4635 PIES on ground/max depth POS 59°  2.39' S 0°  5.52' E
PS77/42-2 11.12.2010 20:48 59° 2.32' S 0° 6.34' E 4635 &7'52 on ground/max depth SE32.1 4666m
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PS77/42-2 11.12.2010 22:20 59° 2.02' S 0° 6.07' E 4626 &7'52 on deck
PS77/42-3 11.12.2010 22:24 59° 1.98' S 0° 6.02' E 4632 NFLOAT in the water Float #16
PS77/43-1 11.12.2010 23:40 59° 10.06' S 0° 0.22' E 4768 TEST in the water Test SonoVault
PS77/43-1 12.12.2010 00:38 59° 10.09' S 0° 0.10' E 4746 TEST on ground/max depth SE32.2 1500m
PS77/43-2 12.12.2010 02:08 59° 10.05' S 0° 0.17' E 4748 MOOR released MARU#1 R
PS77/43-1 12.12.2010 02:44 59° 10.18' S 0° 0.51' E 4824 TEST on deck
PS77/43-2 12.12.2010 02:57 59° 10.23' S 0° 1.02' E 4763 MOOR at surface
PS77/43-2 12.12.2010 03:24 59° 10.36' S 0° 0.68' E 4853 MOOR on deck
PS77/44-1 12.12.2010 05:44 59° 30.80' S 0° 0.61' W 4688 &7'52 in the water
PS77/44-1 12.12.2010 07:22 59° 31.30' S 0° 0.27' W 4639 &7'52 on ground/max depth SE32.1 4696m
PS77/44-1 12.12.2010 08:54 59° 31.77' S 0° 0.58' E 4753 &7'52 on deck
PS77/45-1 12.12.2010 12:04 60° 0.09' S 0° 0.05' E 5361 &7'52 in the water
PS77/45-1 12.12.2010 13:52 59° 59.93' S 0° 0.07' E 5365 &7'52 on ground/max depth SE32.1 5423m
PS77/45-1 12.12.2010 15:34 60° 0.39' S 0° 1.36' E 5383 &7'52 on deck
PS77/45-2 12.12.2010 15:39 60° 0.56' S 0° 1.21' E 5380 NFLOAT in the water Float #17
PS77/46-1 12.12.2010 18:55 60° 30.18' S 0° 0.81' E 5370 &7'52 in the water
PS77/46-1 12.12.2010 20:42 60° 30.04' S 0° 1.78' E 5375 &7'52 on ground/max depth SE32.1 5432 m
PS77/46-1 12.12.2010 22:24 60° 29.84' S 0° 1.84' E 5364 &7'52 on deck
PS77/47-1 13.12.2010 01:52 60° 59.90' S 0° 0.10' W 5390 &7'52 in the water
PS77/47-1 13.12.2010 03:44 61° 0.43' S 0° 0.18' W 5390 &7'52 on ground/max depth 5453m
PS77/47-1 13.12.2010 05:28 61° 0.96' S 0° 0.39' W 5387 &7'52 on deck
PS77/48-1 13.12.2010 08:44 61° 29.86' S 0° 0.20' E 5389 &7'52 in the water
PS77/48-1 13.12.2010 10:25 61° 30.03' S 0° 0.28' E 5389 &7'52 on ground/max depth EL31 5435 m
PS77/48-1 13.12.2010 12:10 61° 30.23' S 0° 1.13' E 5392 &7'52 on deck
PS77/49-1 13.12.2010 15:55 61° 59.49' S 0° 0.38' W 5372 &7'52 in the water
PS77/49-1 13.12.2010 17:47 61° 58.80' S 0° 1.45' E 5372 &7'52 on ground/max depth (/P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PS77/49-1 13.12.2010 19:36 61° 57.67' S 0° 2.38' E 5371 &7'52 on deck
PS77/49-2 13.12.2010 19:43 61° 57.76' S 0° 2.54' E 5372 NFLOAT in the water Float #18
PS77/50-1 14.12.2010 00:04 62° 29.35' S 0° 0.68' E 5350 &7'52 in the water
PS77/50-1 14.12.2010 02:02 62° 29.43' S 0° 4.16' E 5353 &7'52 on ground/max depth 5758m
PS77/50-1 14.12.2010 03:48 62° 28.91' S 0° 6.45' E 5351 &7'52 on deck
PS77/51-1 14.12.2010 07:41 62° 59.47' S 0° 0.03' W 5315 &7'52 in the water
PS77/51-1 14.12.2010 09:20 62° 59.45' S 0° 0.03' W 5315 &7'52 on ground/max depth EL31 5360m
PS77/51-1 14.12.2010 11:02 62° 59.74' S 0° 0.36' W 5314 &7'52 on deck
PS77/51-2 14.12.2010 11:07 62° 59.76' S 0° 0.43' W 5314 NFLOAT in the water Float #19
PS77/52-1 14.12.2010 15:36 63° 30.89' S 0° 0.62' W 5244 &7'52 in the water
PS77/52-1 14.12.2010 17:29 63° 31.76' S 0° 1.17' W 5244 &7'52 on ground/max depth EL31 5312m
PS77/52-1 14.12.2010 19:10 63° 32.83' S 0° 2.68' W 5241 &7'52 on deck
PS77/53-1 14.12.2010 23:45 64° 0.70' S 0° 2.72' W 5201 PIES slipped ANT17-1 D
PS77/53-2 15.12.2010 00:20 64° 1.25' S 0° 1.72' W 5200 &7'52 in the water
PS77/53-1 15.12.2010 01:32 64° 2.18' S 0° 0.88' W 5198 PIES on ground/max depth No Posidonia reception
PS77/53-2 15.12.2010 02:01 64° 2.43' S 0° 0.18' W 5196 &7'52 on ground/max depth 5417m
PS77/53-2 15.12.2010 03:43 64° 3.17' S 0° 2.40' E 5196 &7'52 on deck
PS77/53-3 15.12.2010 03:51 64° 3.22' S 0° 2.44' E 5195 TEST in the water Test SonoVault
PS77/53-3 15.12.2010 04:16 64° 3.31' S 0° 2.43' E 5195 TEST on ground/max depth SE32.2 1000m
PS77/53-3 15.12.2010 04:58 64° 3.43' S 0° 2.61' E 5196 TEST on deck
PS77/53-4 15.12.2010 06:36 63° 58.18' S 0° 2.21' W 5209 MOOR released AWI229-8 R
PS77/53-4 15.12.2010 07:12 63° 58.32' S 0° 2.99' W 5209 MOOR at surface PRRULQJSDUWO\XQGHULFH
PS77/53-4 15.12.2010 08:57 63° 58.75' S 0° 2.39' W 0 MOOR on deck 8/67RSÁRDWDWLRQ
PS77/53-4 15.12.2010 11:54 64° 0.66' S 0° 2.46' W 0 MOOR on deck complete mooring on deck
PS77/53-5 15.12.2010 13:08 63° 57.24' S 0° 3.32' W 5210 MOOR in the water $:,'$QFKRUÀUVW
PS77/53-5 15.12.2010 16:22 63° 59.57' S 0° 2.66' W 5204 MOOR in the water 8/67RSÁRDWDWLRQ
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PS77/53-5 15.12.2010 16:29 63° 59.56' S 0° 2.65' W 5205 MOOR depl. release slipped No Posidonia reception
PS77/53-6 15.12.2010 16:41 63° 59.66' S 0° 2.97' W 5205 NFLOAT in the water Float #20
PS77/54-1 15.12.2010 17:15 64° 4.17' S 0° 4.72' W 5196 MOOR on ground/max depth MARU#2 R Posidonia contact
PS77/54-1 15.12.2010 17:44 64° 4.70' S 0° 5.03' W 0 MOOR on ground/max depth 0$585FDQFHOOHGLFH
PS77/55-1 15.12.2010 20:56 64° 30.09' S 0° 0.04' W 4674 &7'52 in the water
PS77/55-1 15.12.2010 22:38 64° 30.19' S 0° 0.31' W 4673 &7'52 on ground/max depth EL31 4690m
PS77/55-1 16.12.2010 00:10 64° 30.96' S 0° 1.18' W 4671 &7'52 on deck
PS77/56-1 16.12.2010 03:19 64° 59.99' S 0° 0.29' W 3743 &7'52 in the water
PS77/56-1 16.12.2010 04:46 65° 0.52' S 0° 0.63' W 3766 &7'52 on ground/max depth EL31 3760m
PS77/56-1 16.12.2010 06:01 65° 0.93' S 0° 0.31' W 3769 &7'52 on deck
PS77/56-2 16.12.2010 06:11 65° 1.21' S 0° 0.88' W 3784 NFLOAT in the water Float #21
PS77/57-1 16.12.2010 09:10 65° 30.00' S 0° 0.13' E 3994 &7'52 in the water
PS77/57-1 16.12.2010 10:36 65° 30.01' S 0° 0.03' E 3996 &7'52 on ground/max depth EL31 4000m
PS77/57-1 16.12.2010 11:52 65° 29.98' S 0° 0.08' E 3994 &7'52 on deck
PS77/58-1 16.12.2010 15:14 66° 1.49' S 0° 3.89' E 3615 MOOR released AWI230-6 R
PS77/58-1 16.12.2010 15:18 66° 1.32' S 0° 4.23' E 3615 MOOR at surface
PS77/58-1 16.12.2010 15:47 66° 1.06' S 0° 4.49' E 3627 MOOR on deck 7RSÁRDWDWLRQ
PS77/58-1 16.12.2010 17:04 66° 1.09' S 0° 3.54' E 3664 MOOR on deck complete mooring on deck
PS77/58-2 16.12.2010 18:21 66° 3.60' S 0° 0.15' W 3596 MOOR in the water $:,'7RSÁRDWÀUVW
PS77/58-2 16.12.2010 19:35 66° 1.90' S 0° 3.25' E 3607 MOOR slipped Anchor slipped
PS77/58-2 16.12.2010 20:00 66° 1.73' S 0° 3.47' E 3611 MOOR on ground/max depth 326a
6a
(
PS77/58-3 16.12.2010 20:30 66° 0.76' S 0° 7.18' E 3546 &7'52 in the water
PS77/58-3 16.12.2010 21:43 66° 0.80' S 0° 7.30' E 3543 &7'52 on ground/max depth EL31 3533m
PS77/58-3 16.12.2010 22:58 66° 0.65' S 0° 7.58' E 3542 &7'52 on deck
PS77/58-4 16.12.2010 23:05 66° 0.46' S 0° 7.27' E 3558 NFLOAT in the water Float #22
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PS77/59-1 17.12.2010 02:45 66° 29.97' S 0° 0.32' W 4539 &7'52 in the water
PS77/59-1 17.12.2010 04:25 66° 29.87' S 0° 0.39' W 4534 &7'52 on ground/max depth EL31 4553m
PS77/59-1 17.12.2010 05:55 66° 29.86' S 0° 0.77' W 4531 &7'52 on deck
PS77/59-2 17.12.2010 06:21 66° 30.57' S 0° 2.87' W 4579 MOOR released AWI231-8 R
PS77/59-2 17.12.2010 06:24 66° 30.60' S 0° 2.62' W 4579 MOOR at surface
PS77/59-2 17.12.2010 06:50 66° 30.77' S 0° 1.93' W 4555 MOOR on deck 8/67RSÁRDWDWLRQ
PS77/59-2 17.12.2010 08:20 66° 30.74' S 0° 1.89' W 4553 MOOR on deck complete mooring on deck
PS77/59-3 17.12.2010 09:25 66° 31.37' S 0° 10.44' W 4559 MOOR in the water $:,'7RSÁRDWÀUVW
PS77/59-3 17.12.2010 11:22 66° 30.71' S 0° 1.54' W 4538 MOOR slipped Anchor slipped
PS77/59-3 17.12.2010 11:58 66° 30.60' S 0° 0.64' W 4526 MOOR on ground/max depth 3RVLGRQLDÀ[HVXQFHUWDLQ
PS77/60-1 17.12.2010 13:12 66° 38.73' S 0° 0.13' W 0 IFISH in the water
PS77/60-1 17.12.2010 22:50 67° 1.60' S 0° 2.91' E 0 IFISH on deck
PS77/61-1 17.12.2010 23:10 67° 0.05' S 0° 0.03' W 4713 &7'52 in the water
PS77/61-1 18.12.2010 00:46 67° 0.11' S 0° 0.23' E 4713 &7'52 on ground/max depth EL31 4735m
PS77/61-1 18.12.2010 02:19 67° 0.13' S 0° 0.12' E 4713 &7'52 on deck
PS77/61-2 18.12.2010 02:24 67° 0.12' S 0° 0.47' E 4713 NFLOAT in the water Float #23
PS77/62-1 18.12.2010 05:28 67° 30.06' S 0° 0.04' E 4637 &7'52 in the water
PS77/62-1 18.12.2010 06:56 67° 29.77' S 0° 0.31' E 4636 &7'52 on ground/max depth EL31 4568m
PS77/62-1 18.12.2010 08:24 67° 29.42' S 0° 0.19' E 4637 &7'52 on deck
PS77/63-1 18.12.2010 11:35 68° 0.06' S 0° 0.17' E 4517 &7'52 in the water
PS77/63-1 18.12.2010 13:08 68° 0.06' S 0° 0.08' W 4517 &7'52 on ground/max depth EL31 4532m
PS77/63-1 18.12.2010 14:37 68° 0.16' S 0° 0.19' E 4517 &7'52 on deck
PS77/63-2 18.12.2010 14:41 68° 0.20' S 0° 0.46' E 4517 NFLOAT in the water Float #24
PS77/64-1 18.12.2010 17:46 68° 30.14' S 0° 0.19' E 4265 &7'52 in the water
PS77/64-1 18.12.2010 19:09 68° 30.08' S 0° 0.12' E 4266 &7'52 on ground/max depth EL31 4277m
PS77/64-1 18.12.2010 20:34 68° 30.23' S 0° 0.87' E 4263 &7'52 on deck
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PS77/65-1 18.12.2010 22:17 68° 44.97' S 0° 0.07' E 3624 &7'52 in the water
PS77/65-1 18.12.2010 23:37 68° 45.00' S 0° 0.03' W 3637 &7'52 on ground/max depth EL31 3637m
PS77/65-1 19.12.2010 00:54 68° 44.65' S 0° 0.38' E 3573 &7'52 on deck
PS77/66-1 19.12.2010 02:42 69° 1.02' S 0° 0.78' E 3386 &7'52 in the water
PS77/66-1 19.12.2010 03:55 69° 0.94' S 0° 0.21' E 3381 &7'52 on ground/max depth EL31 3369m
PS77/66-1 19.12.2010 05:06 69° 0.97' S 0° 0.06' E 3378 &7'52 on deck
PS77/66-2 19.12.2010 05:40 68° 59.95' S 0° 0.04' W 3414 MOOR released AWI232-9 R
PS77/66-2 19.12.2010 05:43 68° 59.95' S 0° 0.04' W 3414 MOOR at surface
PS77/66-2 19.12.2010 06:21 68° 59.78' S 0° 0.04' W 3424 MOOR on deck 8/67RSÁRDWDWLRQ
PS77/66-2 19.12.2010 07:27 69° 0.36' S 0° 0.77' W 3378 MOOR on deck complete mooring on deck
PS77/66-3 19.12.2010 08:27 69° 1.87' S 0° 4.85' W 3273 MOOR in the water $:,'7RSÁRDWÀUVW
PS77/66-3 19.12.2010 09:50 69° 0.11' S 0° 0.11' W 3404 MOOR slipped Anchor slipped
PS77/66-3 19.12.2010 10:25 69° 0.13' S 0° 0.55' E 3404 MOOR on ground/max depth 3RVLGRQLDÀ[HVXQFHUWDLQ
PS77/66-4 19.12.2010 10:27 69° 0.16' S 0° 0.34' E 3404 NFLOAT in the water Float #25
NaN 20.12.2010 10:00 70° 30.74' S 8° 11.31' W NaN NaN Shelf ice edge EHJLQVXSSO\1HXPD\HU
NaN 22.12.2010 18:00 70° 30.74' S 8° 11.31' W NaN NaN Shelf ice edge HQGVXSSO\1HXPD\HU
PS77/67-1 22.12.2010 19:11 70° 31.29' S 8° 5.80' W 227 &7'52 in the water
PS77/67-1 22.12.2010 19:23 70° 31.32' S 8° 5.81' W 225 &7'52 on ground/max depth EL31 214m
PS77/67-1 22.12.2010 19:30 70° 31.36' S 8° 5.87' W 226 &7'52 on deck
PS77/68-1 23.12.2010 06:17 68° 59.83' S 6° 56.37' W 0 MOOR released ANT244-1 R
PS77/68-1 23.12.2010 06:26 68° 59.80' S 6° 56.35' W 0 MOOR at surface
PS77/68-1 23.12.2010 06:58 68° 59.81' S 6° 57.19' W 2942 MOOR on deck 7RSÁRDWDWLRQ
PS77/68-1 23.12.2010 07:49 68° 59.84' S 6° 57.02' W 2931 MOOR on deck complete mooring on deck
PS77/68-2 23.12.2010 09:14 69° 1.27' S 7° 2.09' W 2935 MOOR in the water $:,'7RSÁRDWÀUVW
PS77/68-2 23.12.2010 10:04 69° 0.30' S 6° 58.89' W 2950 MOOR slipped Anchor slipped
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PS77/68-3 23.12.2010 10:27 68° 59.75' S 6° 56.88' W 2863 &7'52 in the water
PS77/68-2 23.12.2010 10:27 68° 59.75' S 6° 56.88' W 2863 MOOR on ground/max depth 326a
6a
:
PS77/68-3 23.12.2010 11:12 68° 59.78' S 6° 56.72' W 2935 &7'52 on ground/max depth EL31 2081m
PS77/68-3 23.12.2010 11:50 68° 59.91' S 6° 56.86' W 2919 &7'52 on deck
PS77/68-4 23.12.2010 11:55 68° 59.97' S 6° 57.18' W 2922 NFLOAT in the water Float #26
PS77/69-1 24.12.2010 03:30 71° 6.48' S 11° 26.20' W 356 &7'52 in the water
PS77/69-1 24.12.2010 03:45 71° 6.51' S 11° 26.56' W 333 &7'52 on ground/max depth EL31 315m
PS77/69-1 24.12.2010 04:03 71° 6.49' S 11° 26.94' W 316 &7'52 on deck
PS77/70-1 24.12.2010 05:14 71° 0.23' S 11° 45.57' W 819 &7'52 in the water
PS77/70-1 24.12.2010 05:39 71° 0.39' S 11° 45.80' W 832 &7'52 on ground/max depth EL31 808m
PS77/70-1 24.12.2010 06:01 71° 0.52' S 11° 46.03' W 841 &7'52 on deck
PS77/71-1 24.12.2010 06:46 70° 56.48' S 11° 57.33' W 1530 &7'52 in the water
PS77/71-1 24.12.2010 07:23 70° 56.49' S 11° 57.72' W 1536 &7'52 on ground/max depth EL31 1507m
PS77/71-1 24.12.2010 07:59 70° 56.53' S 11° 58.01' W 1539 &7'52 on deck
PS77/72-1 24.12.2010 09:35 70° 46.32' S 12° 27.81' W 2079 &7'52 in the water
PS77/72-1 24.12.2010 10:27 70° 46.36' S 12° 27.74' W 2078 &7'52 on ground/max depth EL31 2046m
PS77/72-1 24.12.2010 11:12 70° 46.39' S 12° 27.71' W 2076 &7'52 on deck
PS77/73-1 24.12.2010 12:28 70° 39.82' S 12° 47.42' W 2365 &7'52 in the water
PS77/73-1 24.12.2010 13:26 70° 39.84' S 12° 47.46' W 2367 &7'52 on ground/max depth EL31 2341m
PS77/73-1 24.12.2010 14:20 70° 39.85' S 12° 47.32' W 2364 &7'52 on deck
PS77/74-1 25.12.2010 09:55 70° 25.83' S 13° 29.41' W 2785 &7'52 in the water
PS77/74-1 25.12.2010 11:00 70° 25.84' S 13° 29.37' W 2784 &7'52 on ground/max depth EL31 2760m
PS77/74-1 25.12.2010 12:00 70° 25.60' S 13° 29.74' W 2795 &7'52 on deck
PS77/75-1 25.12.2010 13:18 70° 18.30' S 13° 51.75' W 4389 &7'52 in the water
PS77/75-1 25.12.2010 14:50 70° 18.27' S 13° 51.71' W 4389 &7'52 on ground/max depth EL31 4398m
PS77/75-1 25.12.2010 16:12 70° 18.40' S 13° 51.57' W 4388 &7'52 on deck
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PS77/76-1 26.12.2010 07:57 70° 5.14' S 14° 30.26' W 4739 &7'52 in the water
PS77/76-1 26.12.2010 09:37 70° 5.27' S 14° 30.11' W 4698 &7'52 on ground/max depth EL31 4761m
PS77/76-1 26.12.2010 11:12 70° 5.34' S 14° 30.05' W 4689 &7'52 on deck
PS77/76-2 26.12.2010 11:24 70° 5.37' S 14° 30.37' W 4741 NFLOAT in the water Float #27
PS77/77-1 26.12.2010 16:00 69° 34.43' S 15° 58.89' W 4151 &7'52 in the water
PS77/77-1 26.12.2010 17:28 69° 34.13' S 15° 59.52' W 4762 &7'52 on ground/max depth EL31 4785m
PS77/77-1 26.12.2010 18:59 69° 33.67' S 15° 59.77' W 4755 &7'52 on deck
PS77/78-1 27.12.2010 00:38 69° 2.87' S 17° 29.70' W 4779 &7'52 in the water
PS77/78-1 27.12.2010 02:07 69° 2.71' S 17° 30.02' W 4779 &7'52 on ground/max depth EL31 4805m
PS77/78-1 27.12.2010 03:37 69° 2.12' S 17° 29.60' W 4780 &7'52 on deck
PS77/78-2 27.12.2010 06:08 69° 3.57' S 17° 26.35' W 0 MOOR released AWI245-1 R
PS77/78-2 27.12.2010 06:15 69° 3.57' S 17° 26.43' W 0 MOOR at surface
PS77/78-2 27.12.2010 06:45 69° 3.63' S 17° 26.29' W 4778 MOOR on deck 7RSÁRDWDWLRQ
PS77/78-2 27.12.2010 08:18 69° 3.45' S 17° 29.21' W 4778 MOOR on deck complete mooring on deck
PS77/78-3 27.12.2010 09:02 69° 3.33' S 17° 20.23' W 4779 MOOR in the water $:,'$QFKRUÀUVW
PS77/78-3 27.12.2010 11:03 69° 3.52' S 17° 23.03' W 4778 MOOR in the water 7RSÁRDWDWLRQ
PS77/78-3 27.12.2010 11:06 69° 3.52' S 17° 23.05' W 4778 MOOR depl. release slipped
PS77/78-3 27.12.2010 12:00 69° 3.51' S 17° 22.95' W 0 MOOR on ground/max depth 3RVLGRQLDÀ[HVXQFHUWDLQ
PS77/78-4 27.12.2010 12:01 69° 3.52' S 17° 22.98' W 4778 NFLOAT in the water Float #28
PS77/79-1 27.12.2010 18:17 68° 32.65' S 18° 43.07' W 4800 &7'52 in the water
PS77/79-1 27.12.2010 19:42 68° 32.30' S 18° 44.32' W 4803 &7'52 on ground/max depth EL31 4870m
PS77/79-1 27.12.2010 21:12 68° 32.15' S 18° 45.33' W 4805 &7'52 on deck
PS77/80-1 28.12.2010 01:53 68° 1.85' S 19° 57.08' W 4909 &7'52 in the water
PS77/80-1 28.12.2010 03:27 68° 1.31' S 19° 58.62' W 4909 &7'52 on ground/max depth EL31 4960m
PS77/80-1 28.12.2010 05:02 68° 0.86' S 19° 59.30' W 4910 &7'52 on deck
PS77/80-2 28.12.2010 05:08 68° 0.79' S 19° 59.54' W 4910 NFLOAT in the water Float #29
166
A
.4 STATIO
N LIST PS 77
Station Date Time 3RVLWLRQ 3RVLWLRQ Depth *HDU Action Comment
[UTC] [UTC] /DW*36 /RQ*36 [m]
PS77/81-1 28.12.2010 09:52 67° 40.68' S 21° 47.43' W 4917 &7'52 in the water
PS77/81-1 28.12.2010 11:27 67° 40.64' S 21° 47.52' W 4918 &7'52 on ground/max depth EL31 4940m
PS77/81-1 28.12.2010 12:58 67° 40.62' S 21° 47.87' W 4917 &7'52 on deck
PS77/82-1 28.12.2010 17:55 67° 19.32' S 23° 36.48' W 4884 &7'52 in the water
PS77/82-1 28.12.2010 19:21 67° 19.64' S 23° 36.67' W 4889 &7'52 on ground/max depth EL31 4907m
PS77/82-1 28.12.2010 20:57 67° 19.63' S 23° 36.37' W 4886 &7'52 on deck
PS77/82-2 28.12.2010 21:03 67° 19.72' S 23° 36.55' W 4887 NFLOAT in the water Float #30
PS77/83-1 29.12.2010 01:30 66° 58.04' S 25° 22.04' W 4871 &7'52 in the water
PS77/83-1 29.12.2010 03:01 66° 58.05' S 25° 22.21' W 4856 &7'52 on ground/max depth EL31 4879m
PS77/83-1 29.12.2010 04:33 66° 58.17' S 25° 21.90' W 4849 &7'52 on deck
PS77/84-1 29.12.2010 09:03 66° 36.73' S 27° 6.88' W 4876 MOOR released AWI209-5 R
PS77/84-1 29.12.2010 09:06 66° 36.77' S 27° 6.83' W 4876 MOOR at surface
PS77/84-1 29.12.2010 09:26 66° 37.00' S 27° 6.80' W 4876 MOOR on deck 7RSÁRDWDWLRQ
PS77/84-1 29.12.2010 11:03 66° 36.80' S 27° 5.93' W 4877 MOOR on deck complete mooring on deck
PS77/84-2 29.12.2010 12:24 66° 34.13' S 27° 7.27' W 4879 MOOR in the water $:,'7RSÁRDWÀUVW
PS77/84-2 29.12.2010 14:06 66° 36.70' S 27° 7.31' W 4877 MOOR slipped Anchor slipped
PS77/84-2 29.12.2010 15:05 66° 36.58' S 27° 7.26' W 4876 MOOR on ground/max depth 3RVLGRQLDÀ[HVXQFHUWDLQ
PS77/84-3 29.12.2010 15:21 66° 37.72' S 27° 6.18' W 4898 &7'52 in the water
PS77/84-3 29.12.2010 16:57 66° 37.69' S 27° 6.02' W 4875 &7'52 on ground/max depth EL31 4897m
PS77/84-3 29.12.2010 18:28 66° 37.56' S 27° 5.53' W 4875 &7'52 on deck
PS77/84-4 29.12.2010 18:34 66° 37.54' S 27° 5.37' W 4875 NFLOAT in the water Float #31
PS77/85-1 29.12.2010 22:21 66° 26.80' S 28° 39.97' W 4861 &7'52 in the water
PS77/85-1 29.12.2010 23:53 66° 26.83' S 28° 39.92' W 4861 &7'52 on ground/max depth EL31 4882m
PS77/85-1 30.12.2010 01:32 66° 26.76' S 28° 39.73' W 4861 &7'52 on deck
PS77/86-1 30.12.2010 04:44 66° 18.52' S 29° 59.80' W 4820 &7'52 in the water
PS77/86-1 30.12.2010 06:16 66° 18.49' S 29° 59.57' W 4820 &7'52 on ground/max depth EL31 4838m
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PS77/86-1 30.12.2010 07:49 66° 18.47' S 29° 59.41' W 4820 &7'52 on deck
PS77/86-2 30.12.2010 07:54 66° 18.46' S 29° 59.41' W 4820 NFLOAT in the water Float #32
PS77/87-1 30.12.2010 11:00 66° 10.19' S 31° 17.50' W 4819 &7'52 in the water
PS77/87-1 30.12.2010 12:31 66° 10.51' S 31° 17.25' W 4819 &7'52 on ground/max depth EL31 4855m
PS77/87-1 30.12.2010 14:06 66° 11.18' S 31° 16.99' W 4814 &7'52 on deck
PS77/88-1 30.12.2010 17:30 66° 1.88' S 32° 34.53' W 4806 &7'52 in the water
PS77/88-1 30.12.2010 19:03 66° 1.85' S 32° 34.67' W 4806 &7'52 on ground/max depth EL31 4830m
PS77/88-1 30.12.2010 20:37 66° 1.77' S 32° 35.03' W 4805 &7'52 on deck
PS77/89-1 30.12.2010 23:56 65° 53.73' S 33° 51.31' W 4802 &7'52 in the water
PS77/89-1 31.12.2010 01:28 65° 54.04' S 33° 51.58' W 4800 &7'52 on ground/max depth EL31 4828m
PS77/89-1 31.12.2010 03:00 65° 54.18' S 33° 51.69' W 4800 &7'52 on deck
PS77/89-2 31.12.2010 03:05 65° 54.18' S 33° 51.69' W 4800 NFLOAT in the water Float #33
PS77/90-1 31.12.2010 07:09 65° 45.19' S 35° 7.91' W 4792 &7'52 in the water
PS77/90-1 31.12.2010 08:39 65° 45.25' S 35° 7.99' W 4791 &7'52 on ground/max depth EL31 4812m
PS77/90-1 31.12.2010 10:11 65° 45.26' S 35° 7.85' W 4790 &7'52 on deck
PS77/91-1 01.01.2011 06:04 65° 36.93' S 36° 24.47' W 0 MOOR released AWI208-5 R
PS77/91-1 01.01.2011 06:06 65° 36.96' S 36° 24.45' W 0 MOOR XQGHULFHÁRH POS: mooring ascending
PS77/91-1 01.01.2011 11:50 65° 37.44' S 36° 24.04' W 0 MOOR at surface ORFDWHGDIWHU326VXUYH\
PS77/91-1 01.01.2011 12:29 65° 37.34' S 36° 24.20' W 0 MOOR on deck 4 Benthos
PS77/91-1 01.01.2011 14:16 65° 37.91' S 36° 24.63' W 4781 MOOR on deck complete mooring on deck
PS77/91-2 01.01.2011 15:15 65° 36.89' S 36° 24.57' W 4783 MOOR in the water $:,'$QFKRUÀUVW
PS77/91-2 01.01.2011 17:44 65° 37.03' S 36° 25.24' W 4783 MOOR in the water 8/6GHSOR\PHQWUHOHDVH
PS77/91-2 01.01.2011 17:49 65° 37.04' S 36° 25.28' W 4784 MOOR depl. release slipped No Posidonia reception
PS77/91-3 01.01.2011 18:09 65° 36.94' S 36° 22.60' W 4787 &7'52 in the water
PS77/91-3 01.01.2011 19:38 65° 37.12' S 36° 23.08' W 4783 &7'52 on ground/max depth EL31 4807m
PS77/91-3 01.01.2011 21:13 65° 37.41' S 36° 23.38' W 4782 &7'52 on deck
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PS77/92-1 02.01.2011 01:57 65° 26.49' S 37° 46.32' W 4743 &7'52 in the water
PS77/92-1 02.01.2011 03:27 65° 26.50' S 37° 46.54' W 4743 &7'52 on ground/max depth EL31 4759m
PS77/92-1 02.01.2011 04:58 65° 26.39' S 37° 47.14' W 4744 &7'52 on deck
PS77/93-1 02.01.2011 07:34 65° 33.63' S 37° 11.39' W 0 MOOR release from helicopter AWI242-1 R 
PS77/93-1 02.01.2011 07:43 65° 33.94' S 37° 10.36' W 0 MOOR at surface at 65°34.3'S 037°07.4'W
PS77/93-1 02.01.2011 08:38 65° 34.34' S 37° 7.40' W 4755 MOOR on deck 7RSÁRDWDWLRQ
PS77/93-1 02.01.2011 10:00 65° 34.03' S 37° 7.63' W 4754 MOOR on deck complete mooring on deck
PS77/94-1 02.01.2011 17:55 65° 16.09' S 39° 7.59' W 4777 &7'52 in the water
PS77/94-1 02.01.2011 19:23 65° 16.23' S 39° 6.44' W 4778 &7'52 on ground/max depth EL31 4834m
PS77/94-1 02.01.2011 21:00 65° 16.20' S 39° 5.81' W 4779 &7'52 on deck
PS77/95-1 03.01.2011 01:54 65° 5.28' S 40° 30.98' W 4772 &7'52 in the water
PS77/95-1 03.01.2011 03:26 65° 5.61' S 40° 31.46' W 4770 &7'52 on ground/max depth EL31 4791m
PS77/95-1 03.01.2011 05:05 65° 5.97' S 40° 31.18' W 4770 &7'52 on deck
PS77/95-1 03.01.2011 05:10 65° 5.96' S 40° 31.08' W 4770 NFLOAT in the water Float #34
PS77/96-1 03.01.2011 08:32 64° 56.63' S 41° 30.44' W 4752 &7'52 in the water
PS77/96-1 03.01.2011 10:07 64° 56.72' S 41° 30.40' W 4750 &7'52 on ground/max depth EL31 4768m
PS77/96-1 03.01.2011 11:38 64° 56.82' S 41° 30.57' W 4750 &7'52 on deck
PS77/97-1 03.01.2011 14:44 64° 48.96' S 42° 26.76' W 4717 RMT in the water
PS77/97-1 03.01.2011 15:03 64° 48.19' S 42° 27.03' W 4719 RMT SURÀOHVWDUW
PS77/97-1 03.01.2011 15:30 64° 47.08' S 42° 27.32' W 4721 RMT SURÀOHHQG
PS77/97-1 03.01.2011 15:36 64° 46.94' S 42° 27.36' W 4721 RMT on deck
PS77/97-2 03.01.2011 16:10 64° 48.92' S 42° 29.24' W 4719 &7'52 in the water
PS77/97-2 03.01.2011 17:43 64° 48.83' S 42° 29.53' W 4718 &7'52 on ground/max depth EL31 4737m
PS77/97-2 03.01.2011 19:21 64° 48.83' S 42° 29.29' W 4719 &7'52 on deck
PS77/98-1 03.01.2011 21:42 64° 42.79' S 43° 19.76' W 4671 &7'52 in the water
PS77/98-1 03.01.2011 23:14 64° 42.81' S 43° 19.78' W 4679 &7'52 on ground/max depth EL31 4686m
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PS77/98-1 04.01.2011 00:45 64° 42.80' S 43° 19.75' W 4671 &7'52 on deck
PS77/99-1 04.01.2011 03:12 64° 36.82' S 44° 10.67' W 4623 &7'52 in the water
PS77/99-1 04.01.2011 04:42 64° 36.90' S 44° 10.99' W 4622 &7'52 on ground/max depth EL31 4635m
PS77/99-1 04.01.2011 06:11 64° 36.91' S 44° 10.74' W 4622 &7'52 on deck
PS77/100-1 04.01.2011 08:34 64° 29.98' S 45° 0.04' W 4487 &7'52 in the water
PS77/100-1 04.01.2011 10:00 64° 30.02' S 44° 59.72' W 4485 &7'52 on ground/max depth EL31 4495m
PS77/100-1 04.01.2011 11:37 64° 30.02' S 44° 59.97' W 4485 &7'52 on deck
PS77/100-2 04.01.2011 11:40 64° 30.02' S 45° 0.01' W 4485 NFLOAT in the water Float #35
PS77/101-1 04.01.2011 13:43 64° 25.23' S 45° 42.56' W 0 MOOR release from helicopter AWI217-3 R
PS77/101-1 04.01.2011 13:52 64° 24.99' S 45° 45.93' W 0 MOOR at surface observed from Helicopter
PS77/101-1 04.01.2011 14:27 64° 23.70' S 45° 52.00' W 4466 MOOR on deck 7RSÁRDWDWLRQ
PS77/101-1 04.01.2011 15:30 64° 23.99' S 45° 51.97' W 4465 MOOR on deck complete mooring on deck
PS77/101-2 04.01.2011 16:16 64° 26.25' S 45° 50.56' W 4471 MOOR in the water $:,'7RSÁRDWÀUVW
PS77/101-2 04.01.2011 17:25 64° 23.88' S 45° 51.95' W 4466 MOOR slipped Anchor slipped
PS77/101-2 04.01.2011 17:57 64° 23.73' S 45° 52.39' W 4465 MOOR on ground/max depth POS 64° 24.21' S 45° 51.59' W
PS77/101-3 04.01.2011 18:14 64° 22.96' S 45° 52.67' W 4465 &7'52 in the water
PS77/101-3 04.01.2011 19:41 64° 22.84' S 45° 53.37' W 4463 &7'52 on ground/max depth EL31 4475m
PS77/101-3 04.01.2011 21:06 64° 22.85' S 45° 53.84' W 4461 &7'52 on deck
PS77/102-1 04.01.2011 23:28 64° 18.21' S 46° 40.93' W 4396 &7'52 in the water
PS77/102-1 05.01.2011 00:53 64° 18.24' S 46° 41.08' W 4395 &7'52 on ground/max depth EL31 4405m
PS77/102-1 05.01.2011 02:18 64° 18.10' S 46° 40.78' W 4394 &7'52 on deck
PS77/103-1 05.01.2011 04:39 64° 11.41' S 47° 30.96' W 4210 &7'52 in the water
PS77/103-1 05.01.2011 05:59 64° 11.45' S 47° 31.00' W 4210 &7'52 on ground/max depth EL31 4213m
PS77/103-1 05.01.2011 07:20 64° 11.45' S 47° 31.23' W 4211 &7'52 on deck
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PS77/104-1 05.01.2011 09:30 64° 3.29' S 48° 17.27' W 3998 &7'52 in the water
PS77/104-1 05.01.2011 10:47 64° 3.24' S 48° 17.37' W 3997 &7'52 on ground/max depth EL31 3994m
PS77/104-1 05.01.2011 12:03 64° 3.25' S 48° 17.20' W 3998 &7'52 on deck
PS77/105-1 05.01.2011 14:13 63° 54.28' S 49° 3.32' W 0 MOOR released AWI216-3 R
PS77/105-1 05.01.2011 14:49 63° 53.79' S 49° 4.94' W 0 MOOR at surface
PS77/105-1 05.01.2011 15:04 63° 54.02' S 49° 4.72' W 3525 MOOR on deck 7RSÁRDWDWLRQ
PS77/105-1 05.01.2011 15:15 63° 53.92' S 49° 4.74' W 3522 MOOR on deck complete mooring on deck
PS77/105-2 05.01.2011 15:27 63° 54.02' S 49° 4.69' W 3526 MOOR in the water $:,'$QFKRUÀUVW
PS77/105-2 05.01.2011 15:54 63° 54.03' S 49° 4.72' W 3526 MOOR in the water 7RSÁRDWDWLRQGHSOUHOHDVH
PS77/105-2 05.01.2011 15:57 63° 54.03' S 49° 4.72' W 3526 MOOR depl. release slipped
PS77/105-3 05.01.2011 16:17 63° 53.60' S 49° 5.23' W 3510 &7'52 in the water
PS77/105-2 05.01.2011 16:23 63° 53.64' S 49° 5.21' W 3511 MOOR on ground/max depth POS 63° 54.06' S 49°  4.80' W
PS77/105-3 05.01.2011 17:33 63° 53.74' S 49° 4.36' W 3517 &7'52 on ground/max depth EL31 3531m
PS77/105-3 05.01.2011 18:53 63° 53.79' S 49° 3.88' W 3522 &7'52 on deck
PS77/106-1 05.01.2011 20:19 63° 52.61' S 49° 31.91' W 3336 &7'52 in the water
PS77/106-1 05.01.2011 21:25 63° 52.75' S 49° 31.81' W 3341 &7'52 on ground/max depth EL31 3323m
PS77/106-1 05.01.2011 22:32 63° 52.86' S 49° 31.38' W 3347 &7'52 on deck
PS77/106-2 05.01.2011 22:36 63° 52.93' S 49° 31.45' W 3348 NFLOAT in the water Float #36
PS77/107-1 06.01.2011 00:05 63° 50.97' S 50° 2.11' W 2915 &7'52 in the water
PS77/107-1 06.01.2011 01:15 63° 50.95' S 50° 2.04' W 2915 &7'52 on ground/max depth EL31 2898m
PS77/107-1 06.01.2011 02:17 63° 51.03' S 50° 2.14' W 2914 &7'52 on deck
PS77/108-1 06.01.2011 03:33 63° 47.37' S 50° 26.26' W 2662 &7'52 in the water
PS77/108-1 06.01.2011 04:33 63° 47.61' S 50° 26.41' W 2659 &7'52 on ground/max depth EL31 2639m
PS77/108-1 06.01.2011 05:28 63° 47.75' S 50° 26.34' W 2658 &7'52 on deck
PS77/109-1 06.01.2011 06:38 63° 43.11' S 50° 48.52' W 2562 &7'52 in the water
PS77/109-1 06.01.2011 07:32 63° 43.01' S 50° 48.66' W 2561 &7'52 on ground/max depth EL31 2536m
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PS77/109-1 06.01.2011 08:28 63° 42.97' S 50° 48.73' W 2561 &7'52 on deck
PS77/109-2 06.01.2011 08:29 63° 42.97' S 50° 48.73' W 2561 MOOR released AWI207-7 R
PS77/109-2 06.01.2011 08:33 63° 42.96' S 50° 48.79' W 2560 MOOR at surface
PS77/109-2 06.01.2011 08:59 63° 42.71' S 50° 50.56' W 2548 MOOR on deck 7RSÁRDWDWLRQ
PS77/109-2 06.01.2011 10:07 63° 43.21' S 50° 51.13' W 2543 MOOR on deck complete mooring on deck
PS77/109-3 06.01.2011 11:03 63° 44.29' S 50° 47.51' W 2573 MOOR in the water $:,'7RSÁRDWÀUVW
PS77/109-3 06.01.2011 12:05 63° 43.07' S 50° 49.91' W 2552 MOOR slipped Anchor slipped
PS77/109-3 06.01.2011 12:28 63° 42.97' S 50° 50.62' W 2552 MOOR on ground/max depth POS 63° 43.19' S 50° 49.55' W
PS77/110-1 06.01.2011 14:14 63° 37.72' S 51° 20.68' W 2211 &7'52 in the water
PS77/110-1 06.01.2011 15:11 63° 37.72' S 51° 20.86' W 2209 &7'52 on ground/max depth EL31 2181m
PS77/110-1 06.01.2011 16:02 63° 37.65' S 51° 20.89' W 2207 &7'52 on deck
PS77/111-1 06.01.2011 18:20 63° 29.09' S 52° 5.65' W 973 MOOR released AWI206-6 R
PS77/111-1 06.01.2011 18:24 63° 29.06' S 52° 5.83' W 973 MOOR at surface
PS77/111-1 06.01.2011 18:52 63° 28.82' S 52° 5.64' W 973 MOOR on deck 7RSÁRDWDWLRQ
PS77/111-1 06.01.2011 19:18 63° 29.03' S 52° 5.80' W 971 MOOR on deck complete mooring on deck
PS77/111-2 06.01.2011 20:04 63° 29.74' S 52° 6.71' W 968 MOOR in the water $:,'7RSÁRDWÀUVW
PS77/111-2 06.01.2011 20:37 63° 28.84' S 52° 5.77' W 970 MOOR slipped Anchor slipped
PS77/111-2 06.01.2011 20:52 63° 28.44' S 52° 5.50' W 968 MOOR on ground/max depth POS 63° 28.93' S 52°  5.87' W
PS77/111-3 06.01.2011 21:15 63° 28.39' S 52° 3.33' W 1001 &7'52 in the water
PS77/111-3 06.01.2011 21:44 63° 28.37' S 52° 3.09' W 1006 &7'52 on ground/max depth EL31 976m
PS77/111-3 06.01.2011 22:08 63° 28.24' S 52° 3.09' W 1004 &7'52 on deck
PS77/112-1 06.01.2011 23:23 63° 33.48' S 51° 43.61' W 1382 &7'52 in the water
PS77/112-1 07.01.2011 00:04 63° 33.48' S 51° 43.47' W 1569 &7'52 on ground/max depth EL31 1543m
PS77/112-1 07.01.2011 00:37 63° 33.45' S 51° 43.47' W 1566 &7'52 on deck
PS77/113-1 07.01.2011 01:33 63° 40.52' S 51° 45.21' W 1787 &7'52 in the water
PS77/113-1 07.01.2011 02:21 63° 40.52' S 51° 45.41' W 1768 &7'52 on ground/max depth EL31 1758m
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PS77/113-1 07.01.2011 03:00 63° 40.56' S 51° 45.08' W 1798 &7'52 on deck
PS77/114-1 07.01.2011 04:05 63° 49.70' S 51° 44.26' W 1676 &7'52 in the water
PS77/114-1 07.01.2011 04:52 63° 49.73' S 51° 44.26' W 1676 &7'52 on ground/max depth EL31 1648m
PS77/114-1 07.01.2011 05:29 63° 49.72' S 51° 44.28' W 1676 &7'52 on deck
PS77/115-1 07.01.2011 06:03 63° 52.89' S 51° 49.02' W 1577 &7'52 in the water
PS77/115-1 07.01.2011 06:35 63° 52.99' S 51° 48.96' W 1574 &7'52 on ground/max depth EL31 1546m
PS77/115-1 07.01.2011 07:19 63° 53.14' S 51° 48.87' W 1571 &7'52 on deck
PS77/116-1 07.01.2011 07:52 63° 56.31' S 51° 54.15' W 1869 &7'52 in the water
PS77/116-1 07.01.2011 08:36 63° 56.31' S 51° 54.02' W 1867 &7'52 on ground/max depth EL31 1848m
PS77/116-1 07.01.2011 09:23 63° 56.31' S 51° 54.25' W 1872 &7'52 on deck
PS77/117-1 07.01.2011 09:58 63° 59.46' S 51° 59.00' W 2098 &7'52 in the water
PS77/117-1 07.01.2011 10:50 63° 59.50' S 51° 59.08' W 2100 &7'52 on ground/max depth EL31 2071m
PS77/117-1 07.01.2011 11:37 63° 59.50' S 51° 58.93' W 2101 &7'52 on deck
PS77/118-1 07.01.2011 12:28 64° 2.09' S 52° 3.58' W 2247 &7'52 in the water
PS77/118-1 07.01.2011 13:22 64° 2.08' S 52° 3.66' W 2245 &7'52 on ground/max depth EL31 2223m
PS77/118-1 07.01.2011 14:14 64° 2.24' S 52° 3.73' W 2258 &7'52 on deck
PS77/119-1 07.01.2011 15:05 64° 5.90' S 52° 17.66' W 2309 &7'52 in the water
PS77/119-1 07.01.2011 16:05 64° 6.12' S 52° 18.19' W 2309 &7'52 on ground/max depth EL31 2290m
PS77/119-1 07.01.2011 16:57 64° 6.22' S 52° 18.25' W 2315 &7'52 on deck
PS77/120-1 07.01.2011 21:44 63° 24.82' S 52° 32.08' W 533 &7'52 in the water
PS77/120-1 07.01.2011 22:14 63° 24.89' S 52° 32.16' W 533 &7'52 on ground/max depth EL31 509m
PS77/120-1 07.01.2011 22:31 63° 24.87' S 52° 32.29' W 533 &7'52 on deck
PS77/121-1 08.01.2011 00:14 63° 18.98' S 53° 3.45' W 458 &7'52 in the water
PS77/121-1 08.01.2011 00:35 63° 18.98' S 53° 3.43' W 458 &7'52 on ground/max depth EL31 436m
PS77/121-1 08.01.2011 00:50 63° 18.97' S 53° 3.56' W 463 &7'52 on deck
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PS77/122-1 08.01.2011 02:53 63° 13.18' S 53° 42.44' W 306 &7'52 in the water
PS77/122-1 08.01.2011 03:06 63° 13.15' S 53° 42.56' W 304 &7'52 on ground/max depth EL31 282m
PS77/122-1 08.01.2011 03:20 63° 13.13' S 53° 42.61' W 303 &7'52 on deck
PS77/123-1 08.01.2011 04:49 63° 8.90' S 54° 9.61' W 260 &7'52 in the water
PS77/123-1 08.01.2011 05:01 63° 8.96' S 54° 9.74' W 260 &7'52 on ground/max depth EL31 239m
PS77/123-1 08.01.2011 05:13 63° 9.01' S 54° 9.72' W 260 &7'52 on deck
PS77/124-1 08.01.2011 20:50 62° 27.04' S 57° 59.44' W 1930 EBS in the water
PS77/124-1 08.01.2011 22:05 62° 27.67' S 58° 0.67' W 1910 EBS on ground/max depth GE52.2 3005m
PS77/124-1 08.01.2011 22:17 62° 27.80' S 58° 1.08' W 1910 EBS hoisting
PS77/124-1 08.01.2011 23:27 62° 27.88' S 58° 1.27' W 1911 EBS on deck
PS77/125-1 09.01.2011 09:32 63° 29.66' S 60° 28.16' W 688 RMT in the water
PS77/125-1 09.01.2011 09:46 63° 29.89' S 60° 28.89' W 674 RMT SURÀOHVWDUW GE72.1 321m
PS77/125-1 09.01.2011 10:07 63° 30.33' S 60° 30.55' W 562 RMT SURÀOHHQG
PS77/125-1 09.01.2011 10:08 63° 30.33' S 60° 30.57' W 561 RMT on deck
PS77/125-2 09.01.2011 10:28 63° 30.34' S 60° 30.53' W 561 &7'52 in the water
PS77/125-2 09.01.2011 10:50 63° 30.35' S 60° 30.59' W 558 &7'52 on ground/max depth EL31 537m
PS77/125-2 09.01.2011 11:07 63° 30.37' S 60° 30.62' W 555 &7'52 on deck
PS77/126-1 09.01.2011 13:25 63° 14.29' S 60° 58.11' W 866 RMT in the water
PS77/126-1 09.01.2011 13:42 63° 14.66' S 60° 59.11' W 870 RMT SURÀOHVWDUW GE72.1 401m
PS77/126-1 09.01.2011 14:05 63° 15.27' S 61° 0.82' W 862 RMT SURÀOHHQG
PS77/126-1 09.01.2011 14:11 63° 15.28' S 61° 0.82' W 861 RMT on deck
PS77/126-2 09.01.2011 14:29 63° 14.99' S 61° 0.13' W 864 &7'52 in the water
PS77/126-2 09.01.2011 15:02 63° 15.04' S 60° 59.94' W 851 &7'52 on ground/max depth EL31 833m
PS77/126-2 09.01.2011 15:18 63° 15.07' S 60° 59.86' W 846 &7'52 on deck
PS77/127-1 09.01.2011 17:36 62° 59.49' S 61° 28.28' W 458 RMT in the water
PS77/127-1 09.01.2011 17:56 62° 59.70' S 61° 29.73' W 473 RMT SURÀOHVWDUW GE72.1 467m
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PS77/127-1 09.01.2011 18:29 63° 0.56' S 61° 31.74' W 505 RMT SURÀOHHQG
PS77/127-1 09.01.2011 18:32 63° 0.50' S 61° 31.58' W 502 RMT on deck
PS77/127-2 09.01.2011 18:41 63° 0.28' S 61° 31.00' W 488 &7'52 in the water
PS77/127-2 09.01.2011 19:02 63° 0.31' S 61° 30.93' W 489 &7'52 on ground/max depth EL31 467m
PS77/127-2 09.01.2011 19:11 63° 0.33' S 61° 30.89' W 489 &7'52 on deck
PS77/128-1 09.01.2011 21:25 62° 44.90' S 61° 58.01' W 463 RMT in the water
PS77/128-1 09.01.2011 21:44 62° 45.48' S 61° 59.43' W 535 RMT SURÀOHVWDUW GE72.1 494m
PS77/128-1 09.01.2011 22:14 62° 46.26' S 62° 1.73' W 596 RMT SURÀOHHQG
PS77/128-1 09.01.2011 22:17 62° 46.28' S 62° 1.78' W 598 RMT on deck
PS77/128-2 09.01.2011 22:30 62° 46.21' S 62° 1.30' W 577 &7'52 in the water
PS77/128-2 09.01.2011 22:51 62° 46.30' S 62° 1.40' W 582 &7'52 on ground/max depth EL31 561m
PS77/128-2 09.01.2011 23:02 62° 46.33' S 62° 1.50' W 589 &7'52 on deck
PS77/129-1 10.01.2011 01:22 62° 29.63' S 62° 27.97' W 821 RMT in the water
PS77/129-1 10.01.2011 01:37 62° 29.83' S 62° 29.11' W 877 RMT SURÀOHVWDUW GE72.1 416m
PS77/129-1 10.01.2011 02:02 62° 30.22' S 62° 31.18' W 889 RMT SURÀOHHQG
PS77/129-1 10.01.2011 02:08 62° 30.27' S 62° 31.41' W 874 RMT on deck
PS77/129-2 10.01.2011 02:20 62° 30.22' S 62° 31.26' W 896 &7'52 in the water
PS77/129-2 10.01.2011 02:58 62° 30.23' S 62° 31.42' W 890 &7'52 on ground/max depth EL31 904m
PS77/129-2 10.01.2011 03:15 62° 30.25' S 62° 31.53' W 893 &7'52 on deck
PS77/130-1 10.01.2011 05:38 62° 14.65' S 62° 57.83' W 4725 RMT in the water
PS77/130-1 10.01.2011 05:57 62° 14.79' S 62° 59.20' W 4727 RMT SURÀOHVWDUW GE72.1 440m
PS77/130-1 10.01.2011 06:21 62° 14.98' S 63° 1.31' W 4728 RMT SURÀOHHQG
PS77/130-1 10.01.2011 06:27 62° 15.00' S 63° 1.59' W 4728 RMT on deck
PS77/130-2 10.01.2011 06:41 62° 14.93' S 63° 0.48' W 4728 &7'52 in the water
PS77/130-2 10.01.2011 08:15 62° 15.13' S 63° 0.09' W 4729 &7'52 on ground/max depth EL31 4764m
PS77/130-2 10.01.2011 09:58 62° 15.21' S 62° 59.65' W 4730 &7'52 on deck
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PS77/131-1 10.01.2011 12:28 62° 0.57' S 63° 28.33' W 4009 RMT in the water
PS77/131-1 10.01.2011 12:44 62° 0.20' S 63° 29.25' W 3919 RMT SURÀOHVWDUW GE72.1 435m
PS77/131-1 10.01.2011 13:10 61° 59.62' S 63° 31.17' W 3881 RMT SURÀOHHQG
PS77/131-1 10.01.2011 13:14 61° 59.56' S 63° 31.35' W 3870 RMT on deck
PS77/131-2 10.01.2011 13:29 61° 59.64' S 63° 30.93' W 3883 &7'52 in the water
PS77/131-2 10.01.2011 14:49 61° 59.48' S 63° 31.00' W 3881 &7'52 on ground/max depth EL31 3891m
PS77/131-2 10.01.2011 16:07 61° 59.41' S 63° 30.90' W 3880 &7'52 on deck
PS77/132-1 10.01.2011 18:28 61° 45.65' S 63° 59.14' W 3619 RMT in the water
PS77/132-1 10.01.2011 18:44 61° 45.18' S 64° 0.04' W 3640 RMT SURÀOHVWDUW GE72.1 429m
PS77/132-1 10.01.2011 19:10 61° 44.37' S 64° 1.51' W 3567 RMT SURÀOHHQG
PS77/132-1 10.01.2011 19:21 61° 44.28' S 64° 1.54' W 3555 RMT on deck
PS77/132-2 10.01.2011 19:28 61° 44.28' S 64° 1.45' W 3559 &7'52 in the water
PS77/132-2 10.01.2011 20:38 61° 44.22' S 64° 1.86' W 3549 &7'52 on ground/max depth EL31 3547m
PS77/132-2 10.01.2011 21:53 61° 44.09' S 64° 1.89' W 3548 &7'52 on deck
PS77/133-1 10.01.2011 23:52 61° 30.17' S 64° 25.94' W 3544 RMT in the water
PS77/133-1 11.01.2011 00:11 61° 29.96' S 64° 27.31' W 3488 RMT SURÀOHVWDUW GE72.1 423m
PS77/133-1 11.01.2011 00:36 61° 29.75' S 64° 29.35' W 3542 RMT SURÀOHHQG
PS77/133-1 11.01.2011 00:40 61° 29.72' S 64° 29.51' W 3545 RMT on deck
PS77/133-2 11.01.2011 00:49 61° 29.69' S 64° 29.49' W 3547 &7'52 in the water
PS77/133-2 11.01.2011 02:05 61° 29.64' S 64° 28.86' W 3529 &7'52 on ground/max depth EL31 3536m
PS77/133-2 11.01.2011 03:13 61° 29.75' S 64° 28.44' W 3508 &7'52 on deck
PS77/133-3 11.01.2011 03:33 61° 29.76' S 64° 28.42' W 3506 EBS in the water
PS77/133-3 11.01.2011 05:48 61° 30.66' S 64° 29.90' W 3535 EBS SURÀOHVWDUW GE52.2 5300m
PS77/133-3 11.01.2011 05:58 61° 30.80' S 64° 30.15' W 3544 EBS SURÀOHHQG
PS77/133-3 11.01.2011 07:55 61° 31.11' S 64° 30.42' W 3549 EBS on deck
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PS77/134-1 11.01.2011 13:00 62° 10.14' S 65° 25.62' W 3854 RMT in the water
PS77/134-1 11.01.2011 13:16 62° 10.20' S 65° 26.36' W 3840 RMT SURÀOHVWDUW GE72.1 360m
PS77/134-1 11.01.2011 13:37 62° 10.22' S 65° 27.32' W 3831 RMT SURÀOHHQG
PS77/134-1 11.01.2011 13:42 62° 10.23' S 65° 27.39' W 3830 RMT on deck
PS77/134-2 11.01.2011 13:53 62° 10.22' S 65° 27.65' W 3825 &7'52 in the water
PS77/134-2 11.01.2011 15:25 62° 10.12' S 65° 26.59' W 3835 &7'52 on ground/max depth EL31 3853m
PS77/134-2 11.01.2011 16:41 62° 10.34' S 65° 25.48' W 3865 &7'52 on deck
PS77/135-1 11.01.2011 18:38 62° 24.41' S 65° 0.08' W 3804 RMT in the water
PS77/135-1 11.01.2011 18:56 62° 24.67' S 65° 1.93' W 3755 RMT SURÀOHVWDUW GE72.1 474m
PS77/135-1 11.01.2011 19:21 62° 25.09' S 65° 4.60' W 3706 RMT SURÀOHHQG
PS77/135-1 11.01.2011 19:26 62° 25.16' S 65° 4.86' W 3702 RMT on deck
PS77/135-2 11.01.2011 19:38 62° 25.20' S 65° 4.74' W 3712 &7'52 in the water
PS77/135-2 11.01.2011 20:54 62° 25.64' S 65° 5.78' W 3718 &7'52 on ground/max depth EL31 3732m
PS77/135-2 11.01.2011 22:18 62° 26.06' S 65° 7.06' W 3583 &7'52 on deck
PS77/136-1 12.01.2011 00:46 62° 39.05' S 64° 26.61' W 3769 RMT in the water
PS77/136-1 12.01.2011 01:01 62° 38.96' S 64° 27.93' W 3728 RMT SURÀOHVWDUW GE72.1 401m
PS77/136-1 12.01.2011 01:25 62° 38.89' S 64° 30.09' W 3658 RMT SURÀOHHQG
PS77/136-1 12.01.2011 01:29 62° 38.88' S 64° 30.38' W 3652 RMT on deck
PS77/136-2 12.01.2011 01:38 62° 38.87' S 64° 30.58' W 3652 &7'52 in the water
PS77/136-2 12.01.2011 02:52 62° 38.80' S 64° 30.89' W 3654 &7'52 on ground/max depth EL31 3658m
PS77/136-2 12.01.2011 04:05 62° 38.39' S 64° 30.74' W 3679 &7'52 on deck
PS77/137-1 12.01.2011 06:23 62° 53.95' S 64° 0.49' W 3697 RMT in the water
PS77/137-1 12.01.2011 06:41 62° 53.48' S 63° 59.04' W 3638 RMT SURÀOHVWDUW GE72.1 470m
PS77/137-1 12.01.2011 07:10 62° 52.75' S 63° 56.66' W 3735 RMT SURÀOHHQG
PS77/137-1 12.01.2011 07:17 62° 52.78' S 63° 56.67' W 3736 RMT on deck
PS77/137-2 12.01.2011 07:29 62° 52.88' S 63° 57.09' W 3727 &7'52 in the water
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PS77/137-2 12.01.2011 08:41 62° 52.70' S 63° 57.35' W 3718 &7'52 on ground/max depth EL31 3732m
PS77/137-2 12.01.2011 09:49 62° 52.48' S 63° 56.99' W 3726 &7'52 on deck
PS77/138-1 12.01.2011 12:00 63° 8.32' S 63° 29.56' W 508 RMT in the water
PS77/138-1 12.01.2011 12:20 63° 7.96' S 63° 28.12' W 432 RMT SURÀOHVWDUW GE72.1 433m
PS77/138-1 12.01.2011 12:45 63° 7.60' S 63° 26.27' W 448 RMT SURÀOHHQG
PS77/138-1 12.01.2011 12:50 63° 7.62' S 63° 26.18' W 450 RMT on deck
PS77/138-2 12.01.2011 12:59 63° 7.69' S 63° 26.15' W 451 &7'52 in the water
PS77/138-2 12.01.2011 13:15 63° 7.73' S 63° 26.31' W 448 &7'52 on ground/max depth EL31 431m
PS77/138-2 12.01.2011 13:25 63° 7.81' S 63° 26.29' W 449 &7'52 on deck
PS77/139-1 12.01.2011 15:36 63° 22.48' S 62° 59.28' W 324 RMT in the water
PS77/139-1 12.01.2011 15:58 63° 22.20' S 62° 57.64' W 342 RMT SURÀOHVWDUW GE72.1 505m
PS77/139-1 12.01.2011 16:30 63° 21.73' S 62° 54.75' W 398 RMT SURÀOHHQG
PS77/139-1 12.01.2011 16:35 63° 21.73' S 62° 54.65' W 403 RMT on deck
PS77/139-2 12.01.2011 16:47 63° 21.86' S 62° 54.92' W 394 &7'52 in the water
PS77/139-2 12.01.2011 17:05 63° 21.83' S 62° 54.93' W 395 &7'52 on ground/max depth EL31 371m
PS77/139-2 12.01.2011 17:14 63° 21.83' S 62° 54.97' W 394 &7'52 on deck
PS77/140-1 12.01.2011 19:32 63° 37.65' S 62° 30.58' W 320 RMT in the water
PS77/140-1 12.01.2011 19:52 63° 37.51' S 62° 28.47' W 315 RMT SURÀOHVWDUW GE72.1 534m
PS77/140-1 12.01.2011 20:22 63° 37.21' S 62° 25.77' W 320 RMT SURÀOHHQG
PS77/140-1 12.01.2011 20:28 63° 37.23' S 62° 25.70' W 321 RMT on deck
PS77/140-2 12.01.2011 20:38 63° 37.32' S 62° 26.09' W 323 &7'52 in the water
PS77/140-2 12.01.2011 20:53 63° 37.28' S 62° 26.13' W 323 &7'52 on ground/max depth EL31 297m
PS77/140-2 12.01.2011 21:00 63° 37.27' S 62° 26.09' W 321 &7'52 on deck
PS77/141-1 12.01.2011 22:59 63° 49.26' S 62° 3.22' W 343 RMT in the water
PS77/141-1 12.01.2011 23:18 63° 49.08' S 62° 1.22' W 358 RMT SURÀOHVWDUW GE72.1 495m
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PS77/141-1 12.01.2011 23:43 63° 48.87' S 61° 58.64' W 372 RMT SURÀOHHQG
PS77/141-1 12.01.2011 23:47 63° 48.85' S 61° 58.34' W 372 RMT on deck
PS77/141-2 12.01.2011 23:58 63° 48.91' S 61° 58.32' W 371 &7'52 in the water
PS77/141-2 13.01.2011 00:13 63° 48.93' S 61° 58.12' W 365 &7'52 on ground/max depth EL31 349m
PS77/141-2 13.01.2011 00:22 63° 48.93' S 61° 57.97' W 365 &7'52 on deck
PS77/142-1 13.01.2011 14:37 64° 34.03' S 62° 34.82' W 510 RMT in the water
PS77/142-1 13.01.2011 14:55 64° 33.64' S 62° 33.28' W 851 RMT SURÀOHVWDUW GE72.1 404m
PS77/142-1 13.01.2011 15:19 64° 33.03' S 62° 30.68' W 826 RMT SURÀOHHQG
PS77/142-1 13.01.2011 15:24 64° 32.97' S 62° 30.43' W 836 RMT on deck
PS77/142-2 13.01.2011 15:34 64° 32.95' S 62° 30.30' W 833 &7'52 in the water
PS77/142-2 13.01.2011 16:06 64° 32.81' S 62° 29.53' W 812 &7'52 on ground/max depth EL31 796m
PS77/142-2 13.01.2011 16:20 64° 32.81' S 62° 29.44' W 812 &7'52 on deck
PS77/143-1 13.01.2011 18:41 64° 18.79' S 61° 50.14' W 1060 RMT in the water
PS77/143-1 13.01.2011 18:56 64° 18.17' S 61° 50.56' W 894 RMT SURÀOHVWDUW GE72.1 403m
PS77/143-1 13.01.2011 19:19 64° 17.13' S 61° 50.96' W 1146 RMT SURÀOHHQG
PS77/143-1 13.01.2011 19:24 64° 17.05' S 61° 50.98' W 1130 RMT on deck
PS77/143-2 13.01.2011 19:36 64° 17.18' S 61° 50.82' W 1150 &7'52 in the water
PS77/143-2 13.01.2011 20:10 64° 17.10' S 61° 50.85' W 1138 &7'52 on ground/max depth EL31 1120m
PS77/143-2 13.01.2011 20:31 64° 17.15' S 61° 50.75' W 1149 &7'52 on deck
PS77/144-1 14.01.2011 02:27 64° 10.33' S 63° 22.65' W 321 RMT in the water
PS77/144-1 14.01.2011 02:45 64° 9.89' S 63° 21.48' W 323 RMT SURÀOHVWDUW 402m
PS77/144-1 14.01.2011 03:07 64° 9.25' S 63° 19.69' W 378 RMT SURÀOHHQG
PS77/144-1 14.01.2011 03:50 64° 9.42' S 63° 19.96' W 308 RMT on deck
PS77/144-2 14.01.2011 03:58 64° 9.41' S 63° 20.01' W 294 &7'52 in the water
PS77/144-2 14.01.2011 04:13 64° 9.37' S 63° 20.10' W 314 &7'52 on ground/max depth EL31 290m
PS77/144-2 14.01.2011 04:19 64° 9.34' S 63° 20.15' W 299 &7'52 on deck
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PS77/145-1 14.01.2011 06:35 63° 56.80' S 63° 56.57' W 436 RMT in the water
PS77/145-1 14.01.2011 06:52 63° 56.58' S 63° 55.03' W 436 RMT SURÀOHVWDUW GE52.2 401m
PS77/145-1 14.01.2011 07:13 63° 56.25' S 63° 53.14' W 477 RMT SURÀOHHQG
PS77/145-1 14.01.2011 07:17 63° 56.26' S 63° 53.08' W 480 RMT on deck
PS77/145-2 14.01.2011 07:28 63° 56.40' S 63° 53.41' W 488 &7'52 in the water
PS77/145-2 14.01.2011 07:47 63° 56.45' S 63° 53.53' W 492 &7'52 on ground/max depth EL31 467m
PS77/145-2 14.01.2011 07:58 63° 56.47' S 63° 53.50' W 490 &7'52 on deck
PS77/146-1 14.01.2011 10:20 63° 43.05' S 64° 29.84' W 361 RMT in the water
PS77/146-1 14.01.2011 10:36 63° 42.76' S 64° 28.68' W 358 RMT SURÀOHVWDUW GE52.2 402m
PS77/146-1 14.01.2011 10:59 63° 42.39' S 64° 26.99' W 357 RMT SURÀOHHQG
PS77/146-1 14.01.2011 11:02 63° 42.39' S 64° 26.93' W 356 RMT on deck
PS77/146-2 14.01.2011 11:14 63° 42.38' S 64° 26.94' W 355 &7'52 in the water
PS77/146-2 14.01.2011 11:28 63° 42.36' S 64° 26.81' W 356 &7'52 on ground/max depth EL31 338m
PS77/146-2 14.01.2011 11:35 63° 42.37' S 64° 26.77' W 355 &7'52 on deck
PS77/147-1 14.01.2011 13:58 63° 29.60' S 65° 0.77' W 2433 RMT in the water
PS77/147-1 14.01.2011 14:15 63° 29.07' S 65° 0.55' W 2421 RMT SURÀOHVWDUW GE52.2 400m
PS77/147-1 14.01.2011 14:39 63° 28.10' S 65° 0.40' W 2463 RMT SURÀOHHQG
PS77/147-1 14.01.2011 14:44 63° 27.97' S 65° 0.34' W 2446 RMT on deck
PS77/147-2 14.01.2011 14:54 63° 28.01' S 65° 0.48' W 2459 &7'52 in the water
PS77/147-2 14.01.2011 16:04 63° 28.07' S 65° 0.54' W 2468 &7'52 on ground/max depth EL31 2454m
PS77/147-2 14.01.2011 16:51 63° 28.03' S 65° 0.28' W 2450 &7'52 on deck
PS77/148-1 14.01.2011 19:05 63° 15.66' S 65° 33.40' W 2797 RMT in the water
PS77/148-1 14.01.2011 19:22 63° 15.32' S 65° 32.19' W 2793 RMT SURÀOHVWDUW GE52.2 404m
PS77/148-1 14.01.2011 19:46 63° 14.78' S 65° 30.30' W 2792 RMT SURÀOHHQG
PS77/148-1 14.01.2011 19:50 63° 14.77' S 65° 30.18' W 2791 RMT on deck
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PS77/148-2 14.01.2011 19:59 63° 14.81' S 65° 30.23' W 2790 &7'52 in the water
PS77/148-2 14.01.2011 20:58 63° 14.90' S 65° 30.29' W 2790 &7'52 on ground/max depth EL31 2777m
PS77/148-2 14.01.2011 21:55 63° 14.74' S 65° 30.19' W 2791 &7'52 on deck
PS77/149-1 15.01.2011 00:18 63° 1.72' S 66° 5.72' W 3300 RMT in the water
PS77/149-1 15.01.2011 00:32 63° 1.50' S 66° 4.73' W 3313 RMT SURÀOHVWDUW GE52.2 403m
PS77/149-1 15.01.2011 00:57 63° 1.09' S 66° 3.11' W 3325 RMT SURÀOHHQG
PS77/149-1 15.01.2011 01:00 63° 1.06' S 66° 3.01' W 3325 RMT on deck
PS77/149-2 15.01.2011 01:09 63° 1.08' S 66° 3.02' W 3325 &7'52 in the water
PS77/149-2 15.01.2011 02:26 63° 1.16' S 66° 3.06' W 3325 &7'52 on ground/max depth EL31 3321m
PS77/149-2 15.01.2011 03:30 63° 1.11' S 66° 2.78' W 3325 &7'52 on deck
PS77/150-1 15.01.2011 05:50 62° 47.66' S 66° 36.84' W 3450 RMT in the water
PS77/150-1 15.01.2011 06:05 62° 47.20' S 66° 35.52' W 3451 RMT SURÀOHVWDUW GE52.2 401m
PS77/150-1 15.01.2011 06:27 62° 46.43' S 66° 33.25' W 3466 RMT SURÀOHHQG
PS77/150-1 15.01.2011 06:30 62° 46.38' S 66° 33.10' W 3466 RMT on deck
PS77/150-2 15.01.2011 06:40 62° 46.39' S 66° 32.96' W 3466 &7'52 in the water
PS77/150-2 15.01.2011 07:50 62° 45.66' S 66° 31.28' W 3470 &7'52 on ground/max depth EL31 3488m
PS77/150-2 15.01.2011 08:57 62° 44.90' S 66° 29.67' W 3478 &7'52 on deck
PS77/151-1 15.01.2011 11:19 62° 33.36' S 67° 6.11' W 3677 EBS in the water
PS77/151-1 15.01.2011 13:41 62° 32.34' S 67° 4.40' W 3704 EBS SURÀOHVWDUW GE52.2 5503m
PS77/151-1 15.01.2011 13:50 62° 32.23' S 67° 4.19' W 3705 EBS SURÀOHHQG
PS77/151-1 15.01.2011 15:48 62° 32.25' S 67° 3.05' W 3704 EBS on deck
PS77/151-2 15.01.2011 16:07 62° 32.73' S 67° 3.41' W 3701 &7'52 in the water
PS77/151-2 15.01.2011 17:26 62° 32.43' S 67° 3.12' W 3703 &7'52 on ground/max depth EL31 3709m
PS77/151-2 15.01.2011 18:40 62° 32.48' S 67° 2.33' W 3701 &7'52 on deck
PS77/151-3 15.01.2011 18:52 62° 32.40' S 67° 2.11' W 3701 RMT in the water
PS77/151-3 15.01.2011 19:08 62° 31.78' S 67° 1.45' W 3700 RMT SURÀOHVWDUW GE52.2 401m
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PS77/151-3 15.01.2011 19:31 62° 30.78' S 67° 0.47' W 3591 RMT SURÀOHHQG
PS77/151-3 15.01.2011 19:35 62° 30.72' S 67° 0.38' W 3569 RMT on deck
PS77/152-1 16.01.2011 01:33 63° 10.73' S 68° 15.84' W 3735 RMT in the water
PS77/152-1 16.01.2011 01:48 63° 10.47' S 68° 14.82' W 3761 RMT SURÀOHVWDUW GE52.2 400m
PS77/152-1 16.01.2011 02:10 63° 10.05' S 68° 13.12' W 3800 RMT SURÀOHHQG
PS77/152-1 16.01.2011 02:15 63° 9.98' S 68° 12.85' W 3805 RMT on deck
PS77/152-2 16.01.2011 02:23 63° 9.98' S 68° 12.77' W 3806 &7'52 in the water
PS77/152-2 16.01.2011 03:42 63° 9.65' S 68° 12.64' W 3822 &7'52 on ground/max depth EL31 3835m
PS77/152-2 16.01.2011 05:00 63° 9.65' S 68° 12.09' W 3829 &7'52 on deck
PS77/153-1 16.01.2011 07:16 63° 23.83' S 67° 44.05' W 3547 RMT in the water
PS77/153-1 16.01.2011 07:31 63° 23.53' S 67° 42.88' W 3559 RMT SURÀOHVWDUW GE52.2 400m
PS77/153-1 16.01.2011 07:54 63° 23.00' S 67° 40.93' W 3621 RMT SURÀOHHQG
PS77/153-1 16.01.2011 07:58 63° 22.98' S 67° 40.79' W 3624 RMT on deck
PS77/153-2 16.01.2011 08:09 63° 22.99' S 67° 40.81' W 3622 &7'52 in the water
PS77/153-2 16.01.2011 09:21 63° 22.97' S 67° 41.11' W 3622 &7'52 on ground/max depth EL31 2635m
PS77/153-2 16.01.2011 10:34 63° 23.05' S 67° 40.89' W 3616 &7'52 on deck
PS77/154-1 16.01.2011 12:48 63° 38.33' S 67° 11.74' W 3375 RMT in the water
PS77/154-1 16.01.2011 13:03 63° 38.04' S 67° 10.31' W 3378 RMT SURÀOHVWDUW GE52.2 401m
PS77/154-1 16.01.2011 13:25 63° 37.53' S 67° 8.11' W 3380 RMT SURÀOHHQG
PS77/154-1 16.01.2011 13:27 63° 37.50' S 67° 7.97' W 3379 RMT on deck
PS77/154-2 16.01.2011 13:37 63° 37.49' S 67° 7.68' W 3378 &7'52 in the water
PS77/154-2 16.01.2011 14:47 63° 37.10' S 67° 6.45' W 3382 &7'52 on ground/max depth EL31 3392m
PS77/154-2 16.01.2011 15:55 63° 36.86' S 67° 5.44' W 3385 &7'52 on deck
PS77/155-1 16.01.2011 18:11 63° 51.14' S 66° 37.77' W 3138 RMT in the water
PS77/155-1 16.01.2011 18:25 63° 50.72' S 66° 36.40' W 3199 RMT SURÀOHVWDUW GE52.2 402m
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PS77/155-1 16.01.2011 18:49 63° 50.02' S 66° 33.97' W 3262 RMT SURÀOHHQG
PS77/155-1 16.01.2011 18:55 63° 49.92' S 66° 33.64' W 3271 RMT on deck
PS77/155-2 16.01.2011 19:02 63° 49.87' S 66° 33.51' W 3275 &7'52 in the water
PS77/155-2 16.01.2011 20:10 63° 49.51' S 66° 33.55' W 3247 &7'52 on ground/max depth EL31 3253m
PS77/155-2 16.01.2011 21:17 63° 49.16' S 66° 33.06' W 3228 &7'52 on deck
PS77/156-1 16.01.2011 23:37 64° 5.60' S 66° 3.76' W 453 RMT in the water
PS77/156-1 16.01.2011 23:52 64° 5.08' S 66° 3.33' W 458 RMT SURÀOHVWDUW GE52.2 402m
PS77/156-1 17.01.2011 00:16 64° 4.24' S 66° 2.57' W 462 RMT SURÀOHHQG
PS77/156-1 17.01.2011 00:19 64° 4.17' S 66° 2.52' W 460 RMT on deck
PS77/156-2 17.01.2011 00:29 64° 4.13' S 66° 2.50' W 460 &7'52 in the water
PS77/156-2 17.01.2011 00:47 64° 4.12' S 66° 2.51' W 460 &7'52 on ground/max depth EL31 443m
PS77/156-2 17.01.2011 01:00 64° 4.14' S 66° 2.53' W 460 &7'52 on deck
PS77/157-1 17.01.2011 03:03 64° 17.17' S 65° 31.03' W 614 RMT in the water
PS77/157-1 17.01.2011 03:20 64° 17.63' S 65° 29.97' W 623 RMT SURÀOHVWDUW GE52.2
PS77/157-1 17.01.2011 03:41 64° 18.18' S 65° 28.67' W 598 RMT SURÀOHHQG
PS77/157-1 17.01.2011 03:46 64° 18.28' S 65° 28.44' W 595 RMT on deck
PS77/157-2 17.01.2011 03:54 64° 18.35' S 65° 28.37' W 594 &7'52 in the water
PS77/157-2 17.01.2011 04:17 64° 18.45' S 65° 28.40' W 594 &7'52 on ground/max depth EL31 574m
PS77/157-2 17.01.2011 04:36 64° 18.52' S 65° 28.48' W 594 &7'52 on deck
PS77/158-1 17.01.2011 06:45 64° 30.66' S 64° 55.87' W 589 RMT in the water
PS77/158-1 17.01.2011 07:01 64° 31.17' S 64° 54.76' W 585 RMT SURÀOHVWDUW GE52.2 400m
PS77/158-1 17.01.2011 07:23 64° 31.83' S 64° 53.45' W 582 RMT SURÀOHHQG
PS77/158-1 17.01.2011 07:30 64° 31.91' S 64° 53.30' W 582 RMT on deck
PS77/158-2 17.01.2011 07:38 64° 31.91' S 64° 53.34' W 582 &7'52 in the water
PS77/158-2 17.01.2011 08:01 64° 31.89' S 64° 53.53' W 580 &7'52 on ground/max depth EL31 561m
PS77/158-2 17.01.2011 08:22 64° 31.89' S 64° 53.72' W 582 &7'52 on deck
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PS77/159-1 17.01.2011 09:48 64° 44.00' S 64° 59.61' W 458 RMT in the water
PS77/159-1 17.01.2011 10:04 64° 44.68' S 64° 59.97' W 440 RMT SURÀOHVWDUW GE52.2 402m
PS77/159-1 17.01.2011 10:28 64° 45.63' S 65° 0.14' W 446 RMT SURÀOHHQG
PS77/159-1 17.01.2011 10:32 64° 45.73' S 65° 0.14' W 448 RMT on deck
PS77/159-2 17.01.2011 10:42 64° 45.72' S 65° 0.11' W 448 &7'52 in the water
PS77/159-2 17.01.2011 11:01 64° 45.73' S 65° 0.26' W 444 &7'52 on ground/max depth EL31 425m
PS77/159-2 17.01.2011 11:10 64° 45.73' S 65° 0.27' W 444 &7'52 on deck
PS77/160-1 17.01.2011 14:28 65° 4.40' S 65° 53.42' W 174 RMT in the water
PS77/160-1 17.01.2011 14:39 65° 4.53' S 65° 54.42' W 169 RMT SURÀOHVWDUW GE52.2
PS77/160-1 17.01.2011 14:53 65° 4.72' S 65° 55.78' W 184 RMT SURÀOHHQG
PS77/160-1 17.01.2011 14:58 65° 4.76' S 65° 56.10' W 185 RMT on deck
PS77/160-2 17.01.2011 15:11 65° 4.75' S 65° 56.17' W 185 &7'52 in the water
PS77/160-2 17.01.2011 15:20 65° 4.75' S 65° 56.20' W 185 &7'52 on ground/max depth EL31 169m
PS77/160-2 17.01.2011 15:26 65° 4.75' S 65° 56.22' W 184 &7'52 on deck
PS77/161-1 17.01.2011 17:43 64° 52.65' S 66° 34.14' W 456 RMT in the water
PS77/161-1 17.01.2011 18:00 64° 52.44' S 66° 32.43' W 350 RMT SURÀOHVWDUW GE52.2 401m
PS77/161-1 17.01.2011 18:24 64° 52.11' S 66° 29.85' W 671 RMT SURÀOHHQG
PS77/161-1 17.01.2011 18:28 64° 52.09' S 66° 29.61' W 682 RMT on deck
PS77/161-2 17.01.2011 18:40 64° 52.11' S 66° 29.49' W 688 &7'52 in the water
PS77/161-2 17.01.2011 19:06 64° 52.10' S 66° 29.30' W 693 &7'52 on ground/max depth EL31 677m
PS77/161-2 17.01.2011 19:20 64° 52.10' S 66° 29.24' W 694 &7'52 on deck
PS77/162-1 17.01.2011 21:40 64° 40.12' S 67° 8.98' W 472 RMT in the water
PS77/162-1 17.01.2011 21:56 64° 39.55' S 67° 7.61' W 480 RMT SURÀOHVWDUW GE52.2 401m
PS77/162-1 17.01.2011 22:19 64° 38.90' S 67° 6.12' W 470 RMT SURÀOHHQG
PS77/162-1 17.01.2011 22:22 64° 38.84' S 67° 5.99' W 469 RMT on deck
PS77/162-2 17.01.2011 22:32 64° 38.82' S 67° 5.89' W 471 &7'52 in the water
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PS77/162-2 17.01.2011 22:50 64° 38.81' S 67° 5.86' W 470 &7'52 on ground/max depth EL31 453m  
PS77/162-2 17.01.2011 23:00 64° 38.80' S 67° 5.83' W 471 &7'52 on deck
PS77/163-1 18.01.2011 01:18 64° 27.15' S 67° 43.50' W 1541 RMT in the water
PS77/163-1 18.01.2011 01:34 64° 26.58' S 67° 42.79' W 1766 RMT SURÀOHVWDUW GE52.2 401m
PS77/163-1 18.01.2011 01:56 64° 25.75' S 67° 41.68' W 1972 RMT SURÀOHHQG
PS77/163-1 18.01.2011 01:58 64° 25.70' S 67° 41.61' W 1990 RMT on deck
PS77/163-2 18.01.2011 02:08 64° 25.62' S 67° 41.51' W 2007 &7'52 in the water
PS77/163-2 18.01.2011 03:04 64° 25.27' S 67° 41.00' W 2094 &7'52 on ground/max depth EL31 2123m
PS77/163-2 18.01.2011 03:40 64° 24.95' S 67° 40.51' W 2143 &7'52 on deck
PS77/164-1 18.01.2011 05:54 64° 13.85' S 68° 19.72' W 2725 RMT in the water
PS77/164-1 18.01.2011 06:10 64° 13.46' S 68° 18.81' W 2701 RMT SURÀOHVWDUW GE52.2 400m
PS77/164-1 18.01.2011 06:35 64° 12.88' S 68° 17.42' W 2649 RMT SURÀOHHQG
PS77/164-1 18.01.2011 06:40 64° 12.88' S 68° 17.46' W 2651 RMT on deck
PS77/164-2 18.01.2011 06:46 64° 12.88' S 68° 17.53' W 2656 &7'52 in the water
PS77/164-2 18.01.2011 07:43 64° 13.08' S 68° 18.53' W 2691 &7'52 on ground/max depth EL31 2676m
PS77/164-2 18.01.2011 08:31 64° 13.20' S 68° 19.24' W 2706 &7'52 on deck
PS77/165-1 18.01.2011 10:43 64° 0.27' S 68° 53.01' W 2996 RMT in the water
PS77/165-1 18.01.2011 10:57 63° 59.89' S 68° 52.01' W 3006 RMT SURÀOHVWDUW GE52.2 402 m
PS77/165-1 18.01.2011 11:23 63° 59.30' S 68° 49.90' W 3039 RMT SURÀOHHQG
PS77/165-1 18.01.2011 11:25 63° 59.28' S 68° 49.84' W 3040 RMT on deck
PS77/165-2 18.01.2011 11:32 63° 59.23' S 68° 49.84' W 3042 &7'52 in the water
PS77/165-2 18.01.2011 12:50 63° 58.79' S 68° 49.81' W 3055 &7'52 on ground/max depth EL31 3046m
PS77/165-2 18.01.2011 13:42 63° 58.57' S 68° 49.70' W 3062 &7'52 on deck
PS77/166-1 18.01.2011 16:01 63° 47.20' S 69° 27.31' W 3513 RMT in the water
PS77/166-1 18.01.2011 16:17 63° 46.95' S 69° 25.79' W 3495 RMT SURÀOHVWDUW 402m
PS77/166-1 18.01.2011 16:40 63° 46.51' S 69° 23.69' W 3469 RMT SURÀOHHQG
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PS77/166-1 18.01.2011 16:44 63° 46.46' S 69° 23.49' W 3467 RMT on deck
PS77/166-2 18.01.2011 16:51 63° 46.42' S 69° 23.40' W 3466 &7'52 in the water
PS77/166-2 18.01.2011 18:03 63° 45.70' S 69° 22.79' W 3460 &7'52 on ground/max depth EL31 3486m
PS77/166-2 18.01.2011 19:21 63° 45.18' S 69° 22.78' W 3464 &7'52 on deck
PS77/167-1 19.01.2011 00:48 64° 22.18' S 70° 41.23' W 3431 EBS in the water
PS77/167-1 19.01.2011 02:59 64° 22.20' S 70° 38.35' W 3419 EBS SURÀOHVWDUW GE52.2 5106m
PS77/167-1 19.01.2011 03:09 64° 22.11' S 70° 37.90' W 3419 EBS SURÀOHHQG
PS77/167-1 19.01.2011 05:03 64° 21.90' S 70° 37.73' W 3421 EBS on deck
PS77/167-2 19.01.2011 05:20 64° 22.01' S 70° 38.60' W 3420 &7'52 in the water
PS77/167-2 19.01.2011 06:31 64° 21.69' S 70° 37.73' W 3423 &7'52 on ground/max depth EL31 3426m
PS77/167-2 19.01.2011 07:38 64° 21.30' S 70° 37.33' W 3429 &7'52 on deck
PS77/167-3 19.01.2011 07:47 64° 21.19' S 70° 36.92' W 3430 RMT in the water
PS77/167-3 19.01.2011 08:03 64° 20.87' S 70° 35.36' W 3425 RMT SURÀOHVWDUW GE52.2 400m
PS77/167-3 19.01.2011 08:28 64° 20.35' S 70° 32.81' W 3410 RMT SURÀOHHQG
PS77/167-3 19.01.2011 08:31 64° 20.32' S 70° 32.69' W 3410 RMT on deck
PS77/168-1 19.01.2011 10:57 64° 36.03' S 70° 4.93' W 3190 RMT in the water
PS77/168-1 19.01.2011 11:13 64° 35.18' S 70° 4.39' W 3189 RMT SURÀOHVWDUW GE52.2 400m
PS77/168-1 19.01.2011 11:37 64° 33.90' S 70° 3.61' W 3203 RMT SURÀOHHQG
PS77/168-1 19.01.2011 11:39 64° 33.82' S 70° 3.60' W 3204 RMT on deck
PS77/168-2 19.01.2011 12:04 64° 33.33' S 70° 3.50' W 3216 &7'52 in the water
PS77/168-2 19.01.2011 13:26 64° 32.55' S 70° 4.15' W 3220 &7'52 on ground/max depth EL31 3217m
PS77/168-2 19.01.2011 14:22 64° 32.12' S 70° 4.58' W 3222 &7'52 on deck
PS77/169-1 19.01.2011 16:45 64° 47.69' S 69° 31.24' W 2815 RMT in the water
PS77/169-1 19.01.2011 17:01 64° 48.14' S 69° 30.23' W 2806 RMT SURÀOHVWDUW GE52.2
PS77/169-1 19.01.2011 17:23 64° 48.85' S 69° 28.70' W 2788 RMT SURÀOHHQG
PS77/169-1 19.01.2011 17:28 64° 48.97' S 69° 28.46' W 2784 RMT on deck
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PS77/169-2 19.01.2011 17:38 64° 49.06' S 69° 28.36' W 2782 &7'52 in the water
PS77/169-2 19.01.2011 18:40 64° 49.28' S 69° 28.60' W 2783 &7'52 on ground/max depth EL31 2767m
PS77/169-2 19.01.2011 19:30 64° 49.53' S 69° 29.20' W 2787 &7'52 on deck
PS77/170-1 19.01.2011 21:37 65° 1.69' S 68° 54.13' W 2324 RMT in the water
PS77/170-1 19.01.2011 21:52 65° 1.19' S 68° 52.91' W 2452 RMT SURÀOHVWDUW GE52.2 401m
PS77/170-1 19.01.2011 22:13 65° 0.53' S 68° 51.38' W 2508 RMT SURÀOHHQG
PS77/170-1 19.01.2011 22:16 65° 0.46' S 68° 51.24' W 2507 RMT on deck
PS77/170-2 19.01.2011 22:26 65° 0.40' S 68° 51.20' W 2508 &7'52 in the water
PS77/170-2 19.01.2011 23:24 65° 0.30' S 68° 51.32' W 2510 &7'52 on ground/max depth EL31 2494m
PS77/170-2 20.01.2011 00:06 65° 0.29' S 68° 51.29' W 2512 &7'52 on deck
PS77/171-1 20.01.2011 02:17 65° 12.81' S 68° 16.46' W 899 RMT in the water
PS77/171-1 20.01.2011 02:33 65° 13.48' S 68° 16.32' W 445 RMT SURÀOHVWDUW GE52.2 403m
PS77/171-1 20.01.2011 02:55 65° 14.49' S 68° 16.26' W 439 RMT SURÀOHHQG
PS77/171-1 20.01.2011 03:00 65° 14.65' S 68° 16.27' W 438 RMT on deck
PS77/171-2 20.01.2011 03:10 65° 14.71' S 68° 16.32' W 436 &7'52 in the water
PS77/171-2 20.01.2011 03:29 65° 14.85' S 68° 16.39' W 436 &7'52 on ground/max depth EL31 414m
PS77/171-2 20.01.2011 03:38 65° 14.87' S 68° 16.41' W 436 &7'52 on deck
PS77/172-1 20.01.2011 05:45 65° 25.08' S 67° 38.39' W 478 RMT in the water
PS77/172-1 20.01.2011 06:01 65° 25.68' S 67° 38.50' W 239 RMT SURÀOHVWDUW GE52.2 401m
PS77/172-1 20.01.2011 06:26 65° 26.72' S 67° 38.68' W 230 RMT SURÀOHHQG
PS77/172-1 20.01.2011 06:30 65° 26.84' S 67° 38.70' W 227 RMT on deck
PS77/172-2 20.01.2011 06:43 65° 26.85' S 67° 38.65' W 228 &7'52 in the water
PS77/172-2 20.01.2011 06:55 65° 26.80' S 67° 38.60' W 228 &7'52 on ground/max depth EL31 215m
PS77/172-2 20.01.2011 07:03 65° 26.81' S 67° 38.57' W 227 &7'52 on deck
PS77/173-1 20.01.2011 09:09 65° 38.50' S 67° 2.72' W 170 RMT in the water
PS77/173-1 20.01.2011 09:19 65° 38.71' S 67° 1.96' W 170 RMT SURÀOHVWDUW GE52.2 271m
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PS77/173-1 20.01.2011 09:34 65° 39.08' S 67° 0.85' W 166 RMT SURÀOHHQG
PS77/173-1 20.01.2011 09:39 65° 39.16' S 67° 0.61' W 169 RMT on deck
PS77/173-2 20.01.2011 09:48 65° 39.14' S 67° 0.56' W 170 &7'52 in the water
PS77/173-2 20.01.2011 09:56 65° 39.11' S 67° 0.54' W 172 &7'52 on ground/max depth EL31 158m
PS77/173-2 20.01.2011 10:00 65° 39.09' S 67° 0.56' W 171 &7'52 on deck
PS77/174-1 20.01.2011 14:20 66° 11.14' S 68° 6.03' W 426 RMT in the water
PS77/174-1 20.01.2011 14:37 66° 11.66' S 68° 7.15' W 434 RMT SURÀOHVWDUW GE52.2 400m
PS77/174-1 20.01.2011 15:01 66° 12.43' S 68° 8.88' W 442 RMT SURÀOHHQG
PS77/174-1 20.01.2011 15:05 66° 12.54' S 68° 9.12' W 444 RMT on deck
PS77/174-2 20.01.2011 15:15 66° 12.68' S 68° 9.40' W 450 &7'52 in the water
PS77/174-2 20.01.2011 15:31 66° 12.70' S 68° 9.36' W 452 &7'52 on ground/max depth EL31 431m
PS77/174-2 20.01.2011 15:40 66° 12.72' S 68° 9.35' W 452 &7'52 on deck
NaN 21.01.2011 12:00 67° 34.20' S 68° 7.50' W NaN NaN EHJLQVXSSO\5RWKHUD
NaN 22.01.2011 01:00 67° 34.20' S 68° 7.50' W NaN NaN HQGVXSSO\5RWKHUD
PS77/175-1 22.01.2011 05:58 68° 16.58' S 69° 36.11' W 571 RMT in the water
PS77/175-1 22.01.2011 06:16 68° 16.35' S 69° 34.22' W 713 RMT SURÀOHVWDUW GE52.2 399m
PS77/175-1 22.01.2011 06:37 68° 16.01' S 69° 32.01' W 713 RMT SURÀOHHQG
PS77/175-1 22.01.2011 06:44 68° 15.95' S 69° 31.65' W 677 RMT on deck
PS77/175-2 22.01.2011 06:57 68° 16.01' S 69° 31.80' W 716 &7'52 in the water
PS77/175-2 22.01.2011 07:26 68° 16.15' S 69° 32.20' W 703 &7'52 on ground/max depth EL31 684m
PS77/175-2 22.01.2011 07:39 68° 16.17' S 69° 32.28' W 685 &7'52 on deck
PS77/176-1 22.01.2011 09:50 68° 9.81' S 70° 18.23' W 809 RMT in the water
PS77/176-1 22.01.2011 10:07 68° 9.60' S 70° 16.10' W 641 RMT SURÀOHVWDUW GE52.2 401m
PS77/176-1 22.01.2011 10:31 68° 9.35' S 70° 13.15' W 438 RMT SURÀOHHQG
PS77/176-1 22.01.2011 10:36 68° 9.34' S 70° 12.91' W 427 RMT on deck
PS77/176-2 22.01.2011 10:58 68° 9.35' S 70° 12.49' W 433 &7'52 in the water
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PS77/176-2 22.01.2011 11:18 68° 9.29' S 70° 12.66' W 426 &7'52 on ground/max depth EL31 405m
PS77/176-2 22.01.2011 11:29 68° 9.25' S 70° 12.79' W 423 &7'52 on deck
PS77/177-1 22.01.2011 14:00 67° 59.53' S 71° 3.55' W 795 RMT in the water
PS77/177-1 22.01.2011 14:15 67° 59.16' S 71° 2.37' W 763 RMT SURÀOHVWDUW GE52.2 400m
PS77/177-1 22.01.2011 14:39 67° 58.53' S 71° 0.46' W 685 RMT SURÀOHHQG
PS77/177-1 22.01.2011 14:42 67° 58.48' S 71° 0.32' W 683 RMT on deck
PS77/177-2 22.01.2011 14:50 67° 58.44' S 71° 0.36' W 682 &7'52 in the water
PS77/177-2 22.01.2011 15:08 67° 58.43' S 71° 0.40' W 685 &7'52 on ground/max depth EL31 322m
PS77/177-2 22.01.2011 15:18 67° 58.40' S 71° 0.39' W 342 &7'52 on deck
PS77/178-1 22.01.2011 17:51 67° 47.79' S 71° 49.69' W 344 RMT in the water
PS77/178-1 22.01.2011 18:07 67° 47.94' S 71° 48.08' W 348 RMT SURÀOHVWDUW GE52.2 400m
PS77/178-1 22.01.2011 18:29 67° 48.20' S 71° 45.59' W 348 RMT SURÀOHHQG
PS77/178-1 22.01.2011 18:33 67° 48.24' S 71° 45.32' W 348 RMT on deck
PS77/178-2 22.01.2011 18:42 67° 48.31' S 71° 45.41' W 348 &7'52 in the water
PS77/178-2 22.01.2011 18:54 67° 48.33' S 71° 45.44' W 348 &7'52 on ground/max depth EL31 328m
PS77/178-2 22.01.2011 19:03 67° 48.34' S 71° 45.47' W 347 &7'52 on deck
PS77/179-1 22.01.2011 21:35 67° 37.11' S 72° 32.58' W 378 RMT in the water
PS77/179-1 22.01.2011 21:51 67° 37.30' S 72° 30.99' W 369 RMT SURÀOHVWDUW GE52.2 400m
PS77/179-1 22.01.2011 22:16 67° 37.62' S 72° 28.14' W 361 RMT SURÀOHHQG
PS77/179-1 22.01.2011 22:21 67° 37.64' S 72° 28.01' W 359 RMT on deck
PS77/179-2 22.01.2011 22:29 67° 37.66' S 72° 28.14' W 358 &7'52 in the water
PS77/179-2 22.01.2011 22:44 67° 37.68' S 72° 28.18' W 360 &7'52 on ground/max depth EL31 349m
PS77/179-2 22.01.2011 22:57 67° 37.75' S 72° 28.15' W 358 &7'52 on deck
PS77/180-1 24.01.2011 03:18 67° 26.39' S 73° 18.06' W 378 RMT in the water
PS77/180-1 24.01.2011 03:35 67° 26.17' S 73° 16.14' W 372 RMT SURÀOHVWDUW GE52.2 400m
PS77/180-1 24.01.2011 03:58 67° 25.78' S 73° 13.46' W 360 RMT SURÀOHHQG
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PS77/180-1 24.01.2011 04:02 67° 25.75' S 73° 13.17' W 358 RMT on deck
PS77/180-2 24.01.2011 04:20 67° 25.76' S 73° 13.15' W 357 &7'52 in the water
PS77/180-2 24.01.2011 04:38 67° 25.72' S 73° 13.18' W 357 &7'52 on ground/max depth EL31 343m
PS77/180-2 24.01.2011 04:46 67° 25.70' S 73° 13.24' W 358 &7'52 on deck
PS77/181-1 24.01.2011 07:20 67° 15.18' S 73° 58.63' W 3209 RMT in the water
PS77/181-1 24.01.2011 07:35 67° 15.03' S 73° 56.91' W 3294 RMT SURÀOHVWDUW GE52.2 400m
PS77/181-1 24.01.2011 08:00 67° 14.76' S 73° 53.92' W 3312 RMT SURÀOHHQG
PS77/181-1 24.01.2011 08:04 67° 14.74' S 73° 53.70' W 3316 RMT on deck
PS77/181-2 24.01.2011 08:11 67° 14.78' S 73° 53.81' W 3316 &7'52 in the water
PS77/181-2 24.01.2011 09:17 67° 14.64' S 73° 53.60' W 3315 &7'52 on ground/max depth EL31 3311m
PS77/181-2 24.01.2011 10:22 67° 14.45' S 73° 52.62' W 3317 &7'52 on deck
PS77/182-1 24.01.2011 12:58 67° 4.11' S 74° 40.25' W 2956 RMT in the water
PS77/182-1 24.01.2011 13:12 67° 3.82' S 74° 38.84' W 2967 RMT SURÀOHVWDUW GE52.2 400m
PS77/182-1 24.01.2011 13:35 67° 3.33' S 74° 36.64' W 2962 RMT SURÀOHHQG
PS77/182-1 24.01.2011 13:38 67° 3.27' S 74° 36.45' W 2962 RMT on deck
PS77/182-2 24.01.2011 13:38 67° 3.27' S 74° 36.45' W 2962 &7'52 in the water
PS77/182-2 24.01.2011 13:57 67° 3.23' S 74° 36.34' W 2962 &7'52 on ground/max depth ca. 200m, Fluorometer defect
PS77/182-2 24.01.2011 14:00 67° 3.22' S 74° 36.30' W 2962 &7'52 on deck
PS77/182-2 24.01.2011 14:03 67° 3.21' S 74° 36.27' W 2962 &7'52 in the water
PS77/182-2 24.01.2011 15:10 67° 3.02' S 74° 36.06' W 2964 &7'52 on ground/max depth EL31 2954m
PS77/182-2 24.01.2011 16:06 67° 2.94' S 74° 36.26' W 2966 &7'52 on deck
PS77/183-1 24.01.2011 18:33 66° 51.65' S 75° 19.11' W 3161 &7'52 in the water
PS77/183-1 24.01.2011 19:44 66° 51.86' S 75° 19.10' W 3153 &7'52 on ground/max depth EL31 3149m
PS77/183-1 24.01.2011 20:54 66° 52.10' S 75° 18.99' W 3147 &7'52 on deck
PS77/183-2 24.01.2011 21:04 66° 51.93' S 75° 19.00' W 3153 RMT in the water
PS77/183-2 24.01.2011 21:20 66° 51.28' S 75° 19.37' W 3179 RMT SURÀOHVWDUW GE52.2 400m
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PS77/183-2 24.01.2011 21:43 66° 50.24' S 75° 19.93' W 3209 RMT SURÀOHHQG
PS77/183-2 24.01.2011 21:47 66° 50.13' S 75° 19.97' W 3212 RMT on deck
PS77/183-3 24.01.2011 21:56 66° 49.94' S 75° 19.97' W 3216 IFISH in the water
PS77/183-3 25.01.2011 00:29 66° 35.83' S 75° 4.06' W 3393 IFISH on deck
PS77/184-1 25.01.2011 04:19 66° 6.92' S 74° 35.32' W 3938 EBS in the water
PS77/184-1 25.01.2011 06:46 66° 8.76' S 74° 36.00' W 3962 EBS SURÀOHVWDUW GE52.2 5757m
PS77/184-1 25.01.2011 06:56 66° 8.97' S 74° 35.88' W 3969 EBS SURÀOHHQG
PS77/184-1 25.01.2011 09:01 66° 10.33' S 74° 34.96' W 3998 EBS on deck
PS77/184-2 25.01.2011 09:51 66° 6.12' S 74° 33.51' W 3939 &7'52 in the water
PS77/184-2 25.01.2011 11:07 66° 6.32' S 74° 32.43' W 3930 &7'52 on ground/max depth EL31 3959m
PS77/184-2 25.01.2011 12:23 66° 6.39' S 74° 31.41' W 3918 &7'52 on deck
PS77/184-3 25.01.2011 12:40 66° 6.29' S 74° 33.55' W 3940 RMT in the water
PS77/184-3 25.01.2011 12:55 66° 6.81' S 74° 34.23' W 3932 RMT SURÀOHVWDUW GE52.2 400m
PS77/184-3 25.01.2011 13:18 66° 7.62' S 74° 35.34' W 3940 RMT SURÀOHHQG
PS77/184-3 25.01.2011 13:23 66° 7.73' S 74° 35.51' W 3943 RMT on deck
PS77/184-4 25.01.2011 13:33 66° 7.77' S 74° 35.56' W 3944 &7'52 in the water
PS77/184-4 25.01.2011 13:38 66° 7.76' S 74° 35.53' W 3942 &7'52 on ground/max depth EL31 87m
PS77/184-4 25.01.2011 13:43 66° 7.76' S 74° 35.51' W 3942 &7'52 on deck
PS77/185-1 25.01.2011 16:04 66° 18.39' S 73° 54.12' W 3886 RMT in the water
PS77/185-1 25.01.2011 16:20 66° 18.90' S 73° 55.25' W 3874 RMT SURÀOHVWDUW GE52.2 401m
PS77/185-1 25.01.2011 16:44 66° 19.83' S 73° 56.94' W 3873 RMT SURÀOHHQG
PS77/185-1 25.01.2011 16:48 66° 19.91' S 73° 57.09' W 3874 RMT on deck
PS77/185-2 25.01.2011 16:59 66° 19.88' S 73° 57.06' W 3874 &7'52 in the water
PS77/185-2 25.01.2011 18:21 66° 20.00' S 73° 56.09' W 3865 &7'52 on ground/max depth EL31 3888m
PS77/185-2 25.01.2011 19:35 66° 20.13' S 73° 55.04' W 3862 &7'52 on deck
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PS77/186-1 25.01.2011 21:47 66° 30.63' S 73° 14.15' W 3743 RMT in the water
PS77/186-1 25.01.2011 22:03 66° 31.14' S 73° 15.26' W 3693 RMT SURÀOHVWDUW GE52.2 401m
PS77/186-1 25.01.2011 22:26 66° 31.95' S 73° 17.03' W 3678 RMT SURÀOHHQG
PS77/186-1 25.01.2011 22:30 66° 32.02' S 73° 17.15' W 3674 RMT on deck
PS77/186-2 25.01.2011 22:39 66° 32.03' S 73° 17.08' W 3673 &7'52 in the water
PS77/186-2 25.01.2011 23:54 66° 32.17' S 73° 16.19' W 3659 &7'52 on ground/max depth EL31 3679m
PS77/186-2 26.01.2011 01:04 66° 32.34' S 73° 15.89' W 3660 &7'52 on deck
PS77/187-1 26.01.2011 03:12 66° 41.57' S 72° 32.64' W 3429 RMT in the water
PS77/187-1 26.01.2011 03:28 66° 42.04' S 72° 33.66' W 3438 RMT SURÀOHVWDUW GE52.2 400m
PS77/187-1 26.01.2011 03:52 66° 42.68' S 72° 35.58' W 3427 RMT SURÀOHHQG
PS77/187-1 26.01.2011 03:56 66° 42.75' S 72° 35.78' W 3422 RMT on deck
PS77/187-2 26.01.2011 04:03 66° 42.73' S 72° 35.70' W 3423 &7'52 in the water
PS77/187-2 26.01.2011 05:13 66° 42.58' S 72° 34.81' W 3432 &7'52 on ground/max depth EL31 3437m
PS77/187-2 26.01.2011 06:23 66° 42.69' S 72° 34.52' W 3431 &7'52 on deck
PS77/188-1 26.01.2011 08:37 66° 54.32' S 71° 52.12' W 886 RMT in the water
PS77/188-1 26.01.2011 08:53 66° 54.73' S 71° 53.48' W 883 RMT SURÀOHVWDUW GE52.2 400m
PS77/188-1 26.01.2011 09:18 66° 55.25' S 71° 55.89' W 843 RMT SURÀOHHQG
PS77/188-1 26.01.2011 09:22 66° 55.27' S 71° 56.03' W 850 RMT on deck
PS77/188-2 26.01.2011 09:31 66° 55.22' S 71° 55.89' W 426 &7'52 in the water
PS77/188-2 26.01.2011 09:50 66° 55.26' S 71° 55.71' W 426 &7'52 on ground/max depth EL31 407m
PS77/188-2 26.01.2011 10:07 66° 55.30' S 71° 55.56' W 426 &7'52 on deck
PS77/189-1 26.01.2011 12:21 67° 5.17' S 71° 10.59' W 444 RMT in the water
PS77/189-1 26.01.2011 12:37 67° 5.64' S 71° 11.94' W 446 RMT SURÀOHVWDUW GE52.2 400m
PS77/189-1 26.01.2011 13:01 67° 6.41' S 71° 13.94' W 447 RMT SURÀOHHQG
PS77/189-1 26.01.2011 13:04 67° 6.48' S 71° 14.13' W 450 RMT on deck
PS77/189-2 26.01.2011 13:13 67° 6.52' S 71° 14.21' W 447 &7'52 in the water
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PS77/189-2 26.01.2011 13:32 67° 6.55' S 71° 14.28' W 450 &7'52 on ground/max depth EL31 430m
PS77/189-2 26.01.2011 13:48 67° 6.62' S 71° 14.43' W 449 &7'52 on deck
PS77/190-1 26.01.2011 16:07 67° 16.02' S 70° 27.57' W 566 RMT in the water
PS77/190-1 26.01.2011 16:24 67° 16.46' S 70° 29.29' W 559 RMT SURÀOHVWDUW GE52.2 400m
PS77/190-1 26.01.2011 16:46 67° 17.07' S 70° 31.36' W 574 RMT SURÀOHHQG
PS77/190-1 26.01.2011 16:51 67° 17.17' S 70° 31.69' W 575 RMT on deck
PS77/190-2 26.01.2011 17:01 67° 17.23' S 70° 31.89' W 578 &7'52 in the water
PS77/190-2 26.01.2011 17:25 67° 17.23' S 70° 32.10' W 579 &7'52 on ground/max depth EL31 559m
PS77/190-2 26.01.2011 17:44 67° 17.21' S 70° 32.09' W 579 &7'52 on deck
PS77/191-1 26.01.2011 20:00 67° 26.98' S 69° 45.79' W 180 RMT in the water
PS77/191-1 26.01.2011 20:11 67° 27.29' S 69° 46.67' W 175 RMT SURÀOHVWDUW GE52.2 283m
PS77/191-1 26.01.2011 20:28 67° 27.79' S 69° 48.05' W 174 RMT SURÀOHHQG
PS77/191-1 26.01.2011 20:32 67° 27.85' S 69° 48.20' W 173 RMT on deck
PS77/191-2 26.01.2011 20:44 67° 27.74' S 69° 48.10' W 174 &7'52 in the water
PS77/191-2 26.01.2011 20:52 67° 27.72' S 69° 48.11' W 173 &7'52 on ground/max depth EL31 158m
PS77/191-2 26.01.2011 21:03 67° 27.65' S 69° 48.04' W 174 &7'52 on deck
PS77/192-1 27.01.2011 01:50 66° 43.42' S 69° 15.80' W 264 RMT in the water
PS77/192-1 27.01.2011 02:05 66° 44.03' S 69° 16.78' W 237 RMT SURÀOHVWDUW GE52.2 401m
PS77/192-1 27.01.2011 02:28 66° 44.93' S 69° 18.31' W 215 RMT SURÀOHHQG
PS77/192-1 27.01.2011 02:31 66° 45.02' S 69° 18.47' W 217 RMT on deck
PS77/192-2 27.01.2011 02:39 66° 45.10' S 69° 18.62' W 221 &7'52 in the water
PS77/192-2 27.01.2011 02:49 66° 45.11' S 69° 18.63' W 222 &7'52 on ground/max depth EL31 409m
PS77/192-2 27.01.2011 02:54 66° 45.10' S 69° 18.60' W 224 &7'52 on deck
PS77/193-1 27.01.2011 05:03 66° 32.51' S 69° 54.01' W 481 RMT in the water
PS77/193-1 27.01.2011 05:19 66° 32.69' S 69° 55.57' W 492 RMT SURÀOHVWDUW GE52.2 400m
PS77/193-1 27.01.2011 05:41 66° 32.93' S 69° 57.93' W 495 RMT SURÀOHHQG
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PS77/193-1 27.01.2011 05:46 66° 32.97' S 69° 58.31' W 494 RMT on deck
PS77/193-2 27.01.2011 05:54 66° 32.99' S 69° 58.41' W 494 &7'52 in the water
PS77/193-2 27.01.2011 06:16 66° 33.04' S 69° 58.40' W 493 &7'52 on ground/max depth EL31 477m
PS77/193-2 27.01.2011 06:25 66° 33.10' S 69° 58.48' W 485 &7'52 on deck
PS77/194-1 27.01.2011 08:33 66° 21.08' S 70° 37.05' W 551 RMT in the water
PS77/194-1 27.01.2011 08:49 66° 21.55' S 70° 38.34' W 548 RMT SURÀOHVWDUW GE52.2 400m
PS77/194-1 27.01.2011 09:12 66° 22.27' S 70° 40.18' W 566 RMT SURÀOHHQG
PS77/194-1 27.01.2011 09:16 66° 22.35' S 70° 40.41' W 569 RMT on deck
PS77/194-2 27.01.2011 09:39 66° 22.67' S 70° 41.21' W 572 &7'52 in the water
PS77/194-2 27.01.2011 09:58 66° 22.65' S 70° 41.20' W 573 &7'52 on ground/max depth EL31 557m
PS77/194-2 27.01.2011 10:09 66° 22.64' S 70° 41.21' W 572 &7'52 on deck
PS77/195-1 27.01.2011 12:12 66° 9.54' S 71° 15.28' W 2934 RMT in the water
PS77/195-1 27.01.2011 12:28 66° 9.59' S 71° 16.88' W 2969 RMT SURÀOHVWDUW GE52.2 400m
PS77/195-1 27.01.2011 12:51 66° 9.63' S 71° 19.16' W 3013 RMT SURÀOHHQG
PS77/195-1 27.01.2011 12:55 66° 9.64' S 71° 19.41' W 3029 RMT on deck
PS77/195-2 27.01.2011 13:04 66° 9.65' S 71° 19.46' W 3035 &7'52 in the water
PS77/195-2 27.01.2011 14:07 66° 9.61' S 71° 19.12' W 3011 &7'52 on ground/max depth EL31 3039m
PS77/195-2 27.01.2011 15:06 66° 9.61' S 71° 19.17' W 3014 &7'52 on deck
PS77/196-1 27.01.2011 17:02 65° 58.29' S 71° 55.19' W 3384 RMT in the water
PS77/196-1 27.01.2011 17:18 65° 57.84' S 71° 56.66' W 3270 RMT SURÀOHVWDUW GE52.2 401m
PS77/196-1 27.01.2011 17:39 65° 57.29' S 71° 58.62' W 3261 RMT SURÀOHHQG
PS77/196-1 27.01.2011 17:44 65° 57.18' S 71° 59.00' W 3255 RMT on deck
PS77/196-2 27.01.2011 17:55 65° 57.19' S 71° 59.20' W 3246 &7'52 in the water
PS77/196-2 27.01.2011 19:12 65° 57.69' S 71° 59.67' W 3212 &7'52 on ground/max depth EL31 3226m
PS77/196-2 27.01.2011 20:42 65° 57.87' S 71° 59.90' W 3204 &7'52 on deck
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[UTC] [UTC] /DW*36 /RQ*36 [m]
PS77/197-1 27.01.2011 22:54 65° 45.40' S 72° 38.27' W 3271 RMT in the water
PS77/197-1 27.01.2011 23:10 65° 45.55' S 72° 36.11' W 3267 RMT SURÀOHVWDUW GE52.2 400m
PS77/197-1 27.01.2011 23:32 65° 45.81' S 72° 33.34' W 3255 RMT SURÀOHHQG
PS77/197-1 27.01.2011 23:35 65° 45.84' S 72° 33.01' W 3255 RMT on deck
PS77/197-2 27.01.2011 23:44 65° 45.83' S 72° 32.77' W 3258 &7'52 in the water
PS77/197-2 28.01.2011 00:51 65° 45.78' S 72° 32.10' W 3266 &7'52 on ground/max depth EL31 3263m
PS77/197-2 28.01.2011 01:56 65° 45.93' S 72° 31.72' W 3255 &7'52 on deck
PS77/198-1 28.01.2011 04:22 65° 33.04' S 73° 13.44' W 3544 EBS in the water
PS77/198-1 28.01.2011 06:32 65° 34.81' S 73° 12.82' W 3528 EBS SURÀOHVWDUW GE52.2 5200m
PS77/198-1 28.01.2011 06:43 65° 34.99' S 73° 12.57' W 3525 EBS SURÀOHHQG
PS77/198-1 28.01.2011 08:40 65° 35.56' S 73° 13.45' W 3526 EBS on deck
PS77/198-2 28.01.2011 09:11 65° 33.04' S 73° 13.26' W 3542 &7'52 in the water 3RODUVWHUQ&7'
PS77/198-2 28.01.2011 10:21 65° 33.08' S 73° 13.07' W 3540 &7'52 on ground/max depth SE32.1 3550m
PS77/198-2 28.01.2011 11:28 65° 33.15' S 73° 12.99' W 3539 &7'52 on deck
PS77/198-3 28.01.2011 11:54 65° 32.34' S 73° 15.29' W 3552 RMT in the water
PS77/198-3 28.01.2011 12:10 65° 32.81' S 73° 14.07' W 3549 RMT SURÀOHVWDUW GE52.2 400m
PS77/198-3 28.01.2011 12:34 65° 33.44' S 73° 11.98' W 3531 RMT SURÀOHHQG
PS77/198-3 28.01.2011 12:38 65° 33.49' S 73° 11.81' W 3528 RMT on deck
PS77/198-4 28.01.2011 12:59 65° 33.17' S 73° 12.99' W 3539 &7'52 in the water
PS77/198-4 28.01.2011 14:13 65° 33.49' S 73° 12.88' W 3534 &7'52 on ground/max depth EL31 3536m
PS77/198-4 28.01.2011 15:55 65° 33.82' S 73° 11.31' W 3523 &7'52 on deck
PS77/199-1 28.01.2011 20:40 64° 58.22' S 71° 56.13' W 3677 RMT in the water
PS77/199-1 28.01.2011 20:54 64° 57.57' S 71° 55.39' W 3684 RMT SURÀOHVWDUW GE52.2 402m
PS77/199-1 28.01.2011 21:18 64° 56.49' S 71° 54.20' W 3693 RMT SURÀOHHQG
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[UTC] [UTC] /DW*36 /RQ*36 [m]
PS77/199-1 28.01.2011 21:21 64° 56.40' S 71° 54.10' W 3696 RMT on deck
PS77/199-2 28.01.2011 21:29 64° 56.33' S 71° 54.08' W 3696 &7'52 in the water
PS77/199-2 28.01.2011 22:43 64° 55.95' S 71° 54.31' W 3698 &7'52 on ground/max depth EL31 3707m
PS77/199-2 28.01.2011 23:53 64° 55.81' S 71° 54.64' W 3701 &7'52 on deck
PS77/200-1 29.01.2011 02:10 65° 11. 20' S 71° 20.75' W 3278 RMT in the water
PS77/200-1 29.01.2011 02:25 65° 10.73' S 71° 19.43' W 3275 RMT SURÀOHVWDUW GE52.2 401m
PS77/200-1 29.01.2011 02:47 65° 10.24' S 71° 17.31' W 3282 RMT SURÀOHHQG
PS77/200-1 29.01.2011 02:50 65° 10.18' S 71° 17.11' W 3283 RMT on deck
PS77/200-2 29.01.2011 02:58 65° 10.12' S 71° 17.10' W 3285 &7'52 in the water
PS77/200-2 29.01.2011 04:11 65° 9.07' S 71° 16.81' W 3308 &7'52 on ground/max depth EL31 3318m
PS77/200-2 29.01.2011 05:52 65° 7.91' S 71° 16.46' W 3330 &7'52 on deck
PS77/201-1 29.01.2011 08:17 65° 23.50' S 70° 43.81' W 3287 RMT in the water
PS77/201-1 29.01.2011 08:31 65° 23.31' S 70° 42.46' W 3267 RMT SURÀOHVWDUW GE52.2 400m
PS77/201-1 29.01.2011 08:53 65° 22.98' S 70° 40.41' W 3245 RMT SURÀOHHQG
PS77/201-1 29.01.2011 08:57 65° 22.96' S 70° 40.34' W 3244 RMT on deck
PS77/201-2 29.01.2011 09:04 65° 23.00' S 70° 40.68' W 3249 &7'52 in the water
PS77/201-2 29.01.2011 10:12 65° 23.00' S 70° 41.48' W 3256 &7'52 on ground/max depth EL31 3251m
PS77/201-2 29.01.2011 11:17 65° 22.99' S 70° 41.83' W 3259 &7'52 on deck
PS77/202-1 29.01.2011 13:30 65° 36.27' S 70° 6.03' W 2643 RMT in the water
PS77/202-1 29.01.2011 13:46 65° 35.70' S 70° 4.79' W 2760 RMT SURÀOHVWDUW GE52.2 401m
PS77/202-1 29.01.2011 14:07 65° 34.88' S 70° 3.40' W 2842 RMT SURÀOHHQG
PS77/202-1 29.01.2011 14:12 65° 34.81' S 70° 3.25' W 2852 RMT on deck
PS77/202-2 29.01.2011 14:21 65° 34.78' S 70° 3.22' W 2858 &7'52 in the water
PS77/202-2 29.01.2011 15:28 65° 34.40' S 70° 3.04' W 2863 &7'52 on ground/max depth EL31 2898m
PS77/202-2 29.01.2011 16:59 65° 33.76' S 70° 2.78' W 2889 &7'52 on deck
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*36 /RQ*36 [m]
PS77/203-1 29.01.2011 19:24 65° 48.66' S 69° 27.16' W 433 RMT in the water
PS77/203-1 29.01.2011 19:40 65° 48.09' S 69° 26.03' W 427 RMT SURÀOHVWDUW GE52.2 401m
PS77/203-1 29.01.2011 20:03 65° 47.23' S 69° 24.43' W 398 RMT SURÀOHHQG
PS77/203-1 29.01.2011 20:06 65° 47.18' S 69° 24.35' W 395 RMT on deck
PS77/203-2 29.01.2011 20:16 65° 47.20' S 69° 24.44' W 397 &7'52 in the water
PS77/203-2 29.01.2011 20:30 65° 47.18' S 69° 24.51' W 395 &7'52 on ground/max depth EL31 376m
PS77/203-2 29.01.2011 20:44 65° 47.16' S 69° 24.61' W 395 &7'52 on deck
PS77/204-1 29.01.2011 22:54 66° 0.65' S 68° 48.68' W 337 RMT in the water
PS77/204-1 29.01.2011 23:10 66° 0.21' S 68° 47.59' W 333 RMT SURÀOHVWDUW GE52.2 401m
PS77/204-1 29.01.2011 23:32 65° 59.49' S 68° 46.12' W 333 RMT SURÀOHHQG
PS77/204-1 29.01.2011 23:34 65° 59.47' S 68° 46.07' W 334 RMT on deck
PS77/204-2 29.01.2011 23:47 65° 59.50' S 68° 46.07' W 331 &7'52 in the water
PS77/204-2 30.01.2011 00:01 65° 59.48' S 68° 46.02' W 332 &7'52 on ground/max depth EL31 316m
PS77/204-2 30.01.2011 00:12 65° 59.48' S 68° 46.01' W 333 &7'52 on deck
PS77/205-1 30.01.2011 16:50 64° 58.56' S 63° 24.44' W 493 RMT in the water
PS77/205-1 30.01.2011 17:06 64° 57.86' S 63° 23.21' W 522 RMT SURÀOHVWDUW EL31 400m
PS77/205-1 30.01.2011 17:27 64° 56.73' S 63° 21.87' W 432 RMT SURÀOHHQG
PS77/205-1 30.01.2011 17:31 64° 56.58' S 63° 21.70' W 400 RMT on deck
PS77/205-2 30.01.2011 17:53 64° 56.17' S 63° 21.39' W 345 &7'52 in the water 3RODUVWHUQ&7'
PS77/205-2 30.01.2011 18:08 64° 56.06' S 63° 21.36' W 330 &7'52 on ground/max depth SE32.1 326m
PS77/205-2 30.01.2011 18:16 64° 55.98' S 63° 21.31' W 307 &7'52 on deck
PS77/206-1 01.02.2011 21:10 59° 53.91' S 62° 53.47' W 3791 &7'52 in the water 3RODUVWHUQ&7'
PS77/206-1 01.02.2011 22:53 59° 53.72' S 62° 53.25' W 3836 &7'52 on ground/max depth SE32.1 3891m
PS77/206-1 02.02.2011 00:05 59° 53.91' S 62° 53.39' W 3776 &7'52 on deck
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*36 /RQ*36 [m]
PS77/206-2 02.02.2011 00:10 59° 53.86' S 62° 53.41' W 3804 AFLOAT in the water Float #37
PS77/207-1 02.02.2011 10:33 58° 19.93' S 63° 33.06' W 3813 &7'52 in the water 3RODUVWHUQ&7'
PS77/207-1 02.02.2011 12:03 58° 20.30' S 63° 29.79' W 3533 &7'52 on ground/max depth SE32.1 3564m
PS77/207-1 02.02.2011 13:10 58° 20.62' S 63° 27.95' W 3725 &7'52 on deck
PS77/207-2 02.02.2011 13:18 58° 20.56' S 63° 28.18' W 3816 AFLOAT in the water Float #38
Notes
Station list compiled from DShip station book. 
Depth [m]: uncorrected depths calculated with sound velocity 1500 m/s from DWS echo 
sounder. “0” values may occur when DWS is switched off during Posidonia operations. 
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Gear abbreviations
AFLOAT Apex Float
BUCKET Bucket for surface water sampling
CTD/RO Conductivity-Temperature-Depth / Rosette water sampler
EBS Epibenthos Sledge
IFISH Iron-Fish
MOOR Mooring (recovery)
MOOR Mooring (deployment)
NaN Logistics (Neumayer and Rothera)
NFLOAT Nemo Float
PIES Pressure Inverted Echo Sounder (recovery)
PIES Pressure Inverted Echo Sounder (deployment)
RMT Rectangular Midwater Trawl
TEST Test deployment of equipment
Comment abbreviations
D (after mooring name): Deployment of mooring
EL31 Single conductor winch EL31 (and maximal wire length)
SE32.1 Single conductor winch SE32.1 (and maximal wire length)
SE32.2 Hydrographic winch SE32.2 (and maximal wire length)
GE52.2 Friction winch GE52.2 (and maximal wire length)
GE72.1 Friction winch GE72.1 with coaxial cable (and maximal wire length)
(no comment) OZE CTD/RO from observing oceanography section, AWI, used.
Polarstern-CTD Polarstern CTD/RO used. All other stations: OZE CTD/RO.
POS Posidonia (position estimates at ground from post-processed Posidonia 
data)
R (after mooring name): Recovery of Mooring
ULS Upward Looking Sonar
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$326,'21,$23(5$7,216'85,1*$17;;9,,
$QGUHDV0DFUDQGHU0DWWKLDV0RQVHHVDQG*HUG5RKDUGW$:,
1. Overview
7KHXQGHUZDWHUDFRXVWLF3RVLGRQLDV\VWHPRIPolarstern was operated for underwater 
ORFDWLRQDQGWUDFNLQJRI3,(6DQG´VWDQGDUGµPRRULQJVWKHODWWHUZHUHDOVRUHOHDVHG
E\DFRXVWLFFRPPDQGVWUDQVPLWWHGYLDWKH3RVLGRQLDV\VWHP
,Q FRQWUDVW WR D K\GURSKRQH ORZHUHG RYHU WKH VLGH RI WKH YHVVHO WKH 3RVLGRQLD
V\VWHPDOORZVDUHODWLYHO\VWDEOHWZRZD\FRPPXQLFDWLRQZLWKDFRXVWLFUHOHDVHVDQG
WUDQVSRQGHUVFRQVLGHUHGWKHKLJKQRLVHOHYHOVSURGXFHGE\Polarstern. Furthermore, 
the arrangement of 4 transducers / receivers allows determining the absolute position 
of an underwater device via short-baseline navigation. 
Polarstern LVSHUPDQHQWO\HTXLSSHGZLWKD3RVLGRQLDDUUD\SURWHFWHG IURP LFHE\D
SURWHFWLYHSODVWLF´ZLQGRZµLQWKHVKLSҋVERWWRP(O1DJJDUHWDO$GGLWLRQDOO\
DQ´RSHQµ3RVLGRQLDDUUD\FDQEH ORZHUHG WKURXJK WKHVKLSҋVPRRQSRRO:KLOHQRW
VXLWDEOH IRU IDVW VDLOLQJ VSHHGVDQG LFH WKH ´RSHQµ DUUD\PD\KDYHEHWWHU DFRXVWLF
FDSDELOLWLHVQRWEHLQJDIIHFWHGE\VKDGRZLQJDQGUHÁHFWLRQVLQDFKDPEHULQWKHKXOO
'XULQJ$17;;9,,LWWXUQHGRXWWKDWLQVRPHFDVHVWKHÀ[HG3RVLGRQLDGHYLFHJRWQR
contact to the underwater transponder. Further, large scatter in the positions makes 
WKHDVVHVVPHQWRIWKHDFWXDOPRRULQJSRVLWLRQXQFHUWDLQSDUWLFXODUO\DVWKH3RVLGRQLD
SRVLWLRQVXVXDOO\UHPDLQIRUH[WHQGHGSHULRGVLQDFRKHUHQW´FORXGµEHIRUHVXGGHQO\
´MXPSLQJµWRDQRWKHUDUHD3RVWSURFHVVLQJRIDOO3RVLGRQLDGDWDFRPELQHGZLWKFXUUHQW
HVWLPDWHVIURPWKHYHVVHOPRXQWHG$FRXVWLF'RSSOHU&XUUHQW3URÀOHUYP$'&3DOORZV
REWDLQLQJWKHPRVWOLNHO\SRVLWLRQRIWKHPRRULQJVLQPRVWEXWQRWDOOFDVHV+RZHYHU
WKLVPDQXDODVVHVVPHQWLVWRRWLPHFRQVXPLQJWREHDSSOLHGLQUHDOWLPH1RUPDOO\WKH
horizontal displacement of the moorings is rather small; hence, the ship’s GPS position 
GXULQJGHSOR\PHQWZLOODOUHDG\JLYHDUDWKHUDFFXUDWHSRVLWLRQHVWLPDWHVXIÀFLHQWIRU
IXWXUHUHFRYHU\H[FHSWLQFDVHVZLWKQDUURZOHDGVDQGVHDLFHFRYHUDJH
In this report, Posidonia characteristics of all 53 mooring operations (in the following 
UHIHUUHGWRDV´HYHQWVµGXULQJ$17;;9,,DUHVXPPDUL]HG7DEOH
2. Results and discussion
5HWXUQUDWHVWDWHRIWKHVHDDQGLFHFRQGLWLRQV
*HQHUDOO\3RVLGRQLDZDVRSHUDWHGLQDVHFRQGVLQWHUYDOLHLQRSWLPDOFRQGLWLRQV
 DFRXVWLF SRVLWLRQ À[HVRI DPRRULQJ WUDQVSRQGHU DQG FRUUHVSRQGLQJ*36VKLS
position estimates are obtained per minute. Depending on the acoustic conditions, the 
DFWXDOUDWHPD\EHORZHU)LJVKRZVWKHDEVROXWHQXPEHURIVKLSDQGWUDQVSRQGHU
SRVLWLRQÀ[HV7KHVPDOOHVWUHWXUQUDWHVZHUHREVHUYHGLQWKHEHJLQQLQJRIWKHFUXLVH
3,(6PRRULQJVLQWKH$&&HVSHFLDOO\LQURXJKVHDFRQGLWLRQV5HWXUQUDWHVEHFDPH
VLJQLÀFDQWO\ EHWWHU ZLWK HYHQW  ZKHQ Polarstern HQWHUHG FDOP DUHDV SDUWLDOO\
FRYHUHGZLWKORRVHVHDLFH$WWKHHQGRIWKHFUXLVHHYHQWDQGWKHRSHQ
DUUD\ZDVXVHGZKLFKJDYHFRQVLVWHQWO\KLJKUHWXUQUDWHV
Fig. 2 depicts the return rate in relation to the heave motion of Polarstern ² UHWXUQ
200
ANT-XXVII/2
UDWHVVL]HRIWKHGRWVLQ)LJJHQHUDOO\EHFRPHVPDOOHUZKHQVKLSKHDYHH[FHHGV
P&RQVLGHULQJ WKHVFDWWHURI WKHSRVLWLRQÀ[HV FRORXURI WKHGRWV LQ)LJ WKH
EHVWUHVXOWVDUHREWDLQHGE\WKHRSHQDUUD\WULDQJOHVLQ)LJ8VLQJWKHÀ[HGDUUD\
QRUPDOO\OHVVWKDQRIDOOWUDQVSRQGHUÀ[HVDUHFORVHUWKDQPWRWKHQRPLQDO
SRVLWLRQZKHUHDVWKHRSHQDUUD\DFKLHYHVYDOXHVRI!WKHORZYDOXHVRIHYHQW
can be attributed to a long search phase when the mooring was blocked below an ice 
ÁRZZKLFKPHDQWFRQVLGHUDEOHGLVSODFHPHQWZLWKWKHGULIWLQJVHDLFHDQGH[WUHPHO\
GLIÀFXOWDFRXVWLFFRPPXQLFDWLRQDWQHDUO\KRUL]RQWDODQJOH
$WPRRULQJVQRÀ[HVZHUHREWDLQHG,QRIWKHVHFDVHVWKHPRRULQJVZHUHQRW
VXUIDFLQJDWDOOHYHQWVRU3RVLGRQLDRSHUDWLRQZDVXQQHFHVVDU\DV
WKHPRRULQJZDVUHOHDVHGE\KHOLFRSWHU)RUWKHUHPDLQLQJPRRULQJVZKLFK
RSHUDWHGSURSHUO\EXWZKHUHQRÀ[HVZHUHREWDLQHGWKHUHDVRQLVXQFOHDU

)LJ$EVROXWHQXPEHURI6KLS*36À[HVEOXHOLQHDQGWUDQVSRQGHU3RVLGRQLDÀ[HVF\DQOLQHV
for all 53 mooring operations. The different values correspond to different duration of the Posidonia 
operations (360 equals 1 hour). Note that the open array at the end of the cruise (V signs) generally 
gives the best return rates.
Fig. 2: Performance of Posidonia operations. The blue line shows maximum heave motion of 
3RODUVWHUQ5RXQGGRWVUHIHUWRÀ[HGWULDQJOHVWRWKHRSHQDUUD\7KHELJJHUV\PEROVLQGLFDWHEHWWHU
return rate. Blue and green colour refers to little scatter in positions. 
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)LJD0DSRIDEVROXWHSRVLWLRQÀ[HV1RWHWKHFRQFHQWULFFLUFOHVDURXQGWKHDFWXDOSRVLWLRQLQ
the centre. Colour refers to depth of transponder. (b) bearings relative to Polarstern. 0° in the centre 
means vertically below the ship, 90° at the edge horizontal. Forward is up, starboard to the right etc. 
Colour refers to deviation from nominal position. (c) Ship heading (blue line) and absolute position 
errors in latitude (red) and longitude (green). Position relative to ship: x (positive to starboard, 
PDJHQWD\SRVLWLYHWRIRUZDUGF\DQ+HDY\GRWVPDUNFRUUHFWÀ[HVVPDOOGRWVLQGLFDWHIDOVHÀ[HV
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6FDWWHURISRVLWLRQÀ[HV
$PDMRUSUREOHPRI WKHÀ[HGDUUD\DUHVFDWWHUHGSRVLWLRQVZKLFKRQ WKHPDSRIWHQ
DSSHDUDVFRQFHQWULFFLUFOHVDURXQGWKHDFWXDOSRVLWLRQ)LJDQGÀJXUHVLQDSSHQGL[
$GGLWLRQDOO\DSSDUHQWO\FRQVLVWHQW´FORXGVµRIÀ[HVRFFXUZKHQRYHUVHYHUDOPLQXWHV
DOO À[HV DUH FRQWDLQHG ZLWKLQ RQH ´FORXGµ EHIRUH VXGGHQO\ WKH SRVLWLRQV ´MXPSµ WR
DQRWKHUFORXGZKLFKDSSHDUVHTXDOO\FRQYLQFLQJ
An evaluation of the apparent mooring positions in both absolute positions and relative 
EHDULQJVWRWKHVKLSUHYHDOVH[DPSOHIURPHYHQW)LJWKDW´FORXGVµRFFXUZKHQ
WKH VKLS UHPDLQV DW WKH VDPH SRVLWLRQ DQG KHDGLQJ ´&LUFOHVµ DUH SURGXFHG GXULQJ
WXUQVRIWKHVKLS,QUHODWLYHEHDULQJVDOVRWKHFLUFOHVVKRZXSDV´FORXGVµZLWKPRUH
RUOHVVFRQVWDQWUHODWLYHEHDULQJVUHGDQGRUDQJHGRWVLQ)LJE&RUUHFWSRVLWLRQV
DUHHYLGHQWDV´FORXGVµ LQ WKHPDSEXW´OLQHVµ LQUHODWLYHEHDULQJVEOXHGRWV LQ)LJ
EZKHQWKHVKLS LVVDLOLQJ3ORWWHGRYHU WLPH IDOVHSRVLWLRQVDUHFORVHO\ IROORZLQJ
FKDQJHVRIVKLSKHDGLQJ)LJF
,QFDVHRIGRXEWIXOÀ[HVWXUQLQJRIWKHYHVVHOZRXOGSURGXFHFRQFHQWULFFLUFOHVRQWKH
PDSZLWKWKHPRVWOLNHO\PRRULQJSRVLWLRQLQWKHFHQWUH´QRPLQDOSRVLWLRQµ$VLPLODU
EHKDYLRXULVHYLGHQWGXULQJDQ´µVKDSHGFUXLVHWUDFNIRUFDOLEUDWLRQRIWKH3RVLGRQLD
GHYLFH(O1DJJDUHWDO$OVRVDLOLQJDWFRQVWDQWKHDGLQJGLUHFWO\DFURVV WKH
DFWXDOSRVLWLRQLPSURYHVWKHOLNHOLKRRGWRREWDLQFRUUHFWSRVLWLRQVHJDWHYHQW
)LJ%HDULQJLQGHJUHHVRIWUDQVSRQGHUÀ[HVUHODWLYHWRVKLSLQWKHFHQWUHUHIHUVWRYHUWLFDOO\
below the ship, 90° at the edge to horizontal direction. Starboard is to the right, forward is up. The 
colour of the dots refers to the position deviation from the nominal mooring position in m. Left: Fixed 
3RVLGRQLDDUUD\5LJKW2SHQ3RVLGRQLDDUUD\7KHQRQEOXHGRWVDOOVWHPIURPHYHQWZKHUHD
PRRULQJZDVEORFNHGXQGHUDQLFHÁRH
7KHUHODWLYHEHDULQJVRI WKH IDOVHÀ[HVDUHQRWVLJQLÀFDQWO\FRQFHQWUDWHGDWVSHFLÀF
angles (however, the differences between expected and actual bearing angles show 
VXFKFOXVWHULQJVHHODWHU2EYLRXVO\WKHFRPELQDWLRQRIGLIIHUHQWDQJOHVRIWKHLQFRPLQJ
DFWXDOVRXQGVLJQDOSRVVLEOHUHÁHFWLRQVLQVLGHWKHKXOOFKDPEHURIWKHÀ[HGV\VWHP
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DQGRWKHUGLVWXUEDQFHVPD\SURGXFHDQ\IDOVHUHODWLYHEHDULQJ$QHYDOXDWLRQRIDOO
PRRULQJRSHUDWLRQVRQO\UHYHDOVWKDWWKHÀ[HGDUUD\GHOLYHUVJRRGSRVLWLRQVHUURU
PGDUNEOXHGRWVLQ)LJDPRVWO\RQO\ZKHQWKHPRRULQJWUDQVSRQGHULVDOPRVW
YHUWLFDOO\EHORZWKHVKLSDQJOH7KHRSHQDUUD\GHOLYHUVJRRGSRVLWLRQVHYHQDW
angles of 30° up to 45° (note the dark blue dots in Fig. 5b; the non-blue dots in all stem 
from the exceptional event # 43, where a mooring drifting at the underside of a sea ice 
ÁRHZDVWUDFNHG
Fig. 5: Example of Posidonia readings from PIES ANT11-4 deployment. (a) Map of absolute positions. 
Dark blue circles show ship position, coloured dots transponder position and depth. Blue arrows 
indicate the current measured by vmADCP between 100 and 200 m; the length of the arrows is 
equivalent to the horizontal displacement during 1 hour. Red arrows indicate wind direction and 
VSHHGKRXUGLVSODFHPHQW7KHDFWXDOGHSOR\PHQWSRVLWLRQLVPDUNHGZLWKDUHG´µWKH
ÀQDOSRVLWLRQDWWKHERWWRPZLWKDEODFNVWDU'XULQJWKHÀUVWSDUWRIWKHGHVFHQW3RVLGRQLDÀ[HVDUH
XQUHDOLVWLFDOO\RIIVHWWRWKHQRUWKZHVWE5HODWLYHEHDULQJVLQRIWKH3RVLGRQLDÀ[HVFRORXUHG
GRWVDQGFRUUHFWHGEHDULQJVDVVXPLQJWKHPRRULQJWREHYHUWLFDOO\DERYHWKHÀQDOSRVLWLRQEODFN
FLUFOHV7KHIDOVHÀ[HVDUHWKRVHGRWVZKLFKDUHRXWVLGHWKHÀUVWFLUFOH&RUUHFWSRVLWLRQVZHUH
only retrieved when the mooring was less than 15° away from vertical direction below the ship. See 
DOVRÀJXUHVIRUHYHQWLQDSSHQGL[
2.3 Depth errors
'XULQJ GHSOR\PHQW RU UHFRYHU\ WKH FKDQJLQJ GHSWK RI WKH WUDQVSRQGHU FDQ LQGXFH
a horizontal displacement in the map, when the relative bearing is at a false, but 
FRQVWDQWDQJOHH[DPSOHIURPHYHQW)LJ,QWKLVH[DPSOH3RVLGRQLDUHSRUWHG
WKHWUDQVSRQGHUDWDQDQJOHRID]LPXWKRI2QO\DIWHUWKHPRRULQJUHDFKHGD
GHSWKRI!PWKHDQJOHZDVFRUUHFWO\GHWHUPLQHGDW
7KH GHSWK HVWLPDWHV DUH QRUPDOO\ TXLWH UHOLDEOH SURYLGHG WKH VKLS LV PRUH RU OHVV
DERYHWKHPRRULQJ,QWKLVFDVHWKHGHSWKHVWLPDWHGHSHQGVSULPDULO\RQWUDYHOWLPH
which is less prone to errors than the bearing determination. Depending on the angle, 
corresponding depth errors are evident in some plots (see appendix, also for event # 

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2.4 Bearing angle errors
$SSUR[LPDWH EHDULQJ DQJOH HUURUV FDQ EH FDOFXODWHG IURP WKH 3RVLGRQLD À[HV DQG
Polarstern positions, assuming slant range to be correct, and assuming that the actual 
SRVLWLRQRIWKHWUDQVSRQGHULVH[DFWO\DWWKH²UDWKHUZHOOGHWHUPLQHG²QRPLQDOSRVLWLRQ
7KLVPHWKRGQHJOHFWVKRUL]RQWDOGLVSODFHPHQWGXHWRFXUUHQWVZKLFKLVQRUPDOO\PXFK
VPDOOHUW\SLFDOO\OHVVWKDQPWKDQWKHSRVLWLRQGHYLDWLRQVUHSRUWHGE\3RVLGRQLD
!P
Fig. 6: Bearing angles (in °) relative to Polarstern for PIES ANT5-3 deployment. Vertically below the 
ship is in the centre, forward is up, starboard to the right etc. Fixes reported by Posidonia shown as 
coloured dots (colour = depth reported by Posidonia). These are connected with lines to the expected 
bearing if the mooring were exactly at the nominal position (with same slant range as observed by 
3RVLGRQLD7KHUHDUH´JRRGGHHSµÀ[HVSRVLWLRQGHYLDWLRQPGHSWK!PEROGGRWV
ZLWKH[SHFWHGSRVLWLRQVVKRZQE\EODFNFLUFOHVFORVHE\DQG´SRRUGHHSµGRWVSDOHUGRWV
6KDOORZÀ[HVGHSWKPDUHVKRZQZLWKVPDOOSDOHVWGRWVDVWKHSRVLWLRQLQJDVVXPSWLRQLVOHDVW
DFFXUDWHKHUH6HHDOVRÀJXUHVLQDSSHQGL[IRUHYHQW
)LJVKRZVDQH[DPSOHIURPHYHQWGHSOR\PHQWRI3,(6$17VHHDOVRÀJXUHV
LQDSSHQGL[:KHUHDVWKHVKLSZDVPRUHRUOHVVYHUWLFDOO\DERYHWKHPRRULQJGXULQJ
WKHHQWLUHGHSOR\PHQWDQJOHWRYHUWLFDOVHHEODFNFLUFOHVLQ)LJRQO\DERXW
RQHWKLUGRIDOOÀ[HVZHUH´JRRGµLHFORVHUWKDQPWRWKHQRPLQDOSRVLWLRQ7ZR
WKLUGVRIWKHÀ[HVVKRZHGODUJHHUURUV)LJSDOHGRWVFRQQHFWHGWRH[SHFWHGQRPLQDO
SRVLWLRQZLWKJUH\OLQHV
As a further evaluation it was investigated if certain angles of incoming sound signals 
DUH SURMHFWHG V\VWHPDWLFDOO\ LQWR FHUWDLQ IDOVH EHDULQJV 7KH LQFRPLQJ DQJOH LV
FDOFXODWHGDVVXPLQJWKHPRRULQJWREHH[DFWO\DWWKHQRPLQDOSRVLWLRQZKLFKLVURXJKO\
IXOÀOOHGZKHQWKHPRRULQJLVGHHSHUWKDQP)XUWKHUVKLSSLWFKDQGUROODQJOHV
DUHFRUUHFWHGIRU7KHDQDO\VLVUHYHDOVWKDWLQGHHGVRXQGLQFRPLQJLQVSHFLÀFDQJOHV
LVRIWHQPDSSHGWRDVLQJOHRUVHYHUDOVSHFLÀFGLIIHUHQWDQJOHV)LJ
+RZHYHU EHFDXVHRI WKHSRVLWLRQLQJXQFHUWDLQW\ LW LV LPSRVVLEOH WRGHWHUPLQH IURP
these data an exact mapping function which would correct recorded bearings into 
absolute bearings. 
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Fig. 7: Two examples of projection of expected aiming angles (black circles, calculated from nominal 
mooring positions), and actual aiming angles observed by Posidonia (coloured dots, from Posidonia 
À[HV)LJXUHVFRPSLOHGIURPDOOÀ[HGDUUD\3RVLGRQLDGDWDZKLFK´EHORQJµWRDVSHFLÀFFRUUHFW
EHDULQJ,QVRPHH[SHFWHGDQJOHV3RVLGRQLDGDWDDUHZLGHO\VFDWWHUHGLQWRGLIIHUHQW´FORXGVµHJOHIW
SDQHOIRUVWDUERDUGIRUZDUGLQRWKHUVPRVWGDWDDUHUHSRUWHGIURPDVLQJOHVSHFLÀFGLUHFWLRQ
(right panel, 13° starboard, 5° forward). Pitch and roll angles have been corrected for. 
6ODQWUDQJHVLJQDOWRQRLVHUDWLRDQGEHDULQJDQJOHHUURU
)LJVKRZVWKHSRVLWLRQHUURUDVIXQFWLRQRIVODQWUDQJH3RVLWLRQVZKLFKDUHOLNHO\WR
be correct have deviations of less than 250 m corresponding to an angle error of max. a 
IHZGHJUHHV0DQ\XQUHDOLVWLFÀ[HVKRZHYHUDUHFRQFHQWUDWHGDWDQJOHHUURUVRIʜ
ʜʜDQGPRUH$OWKRXJK WKHDVVXPSWLRQ WKDW WKHPRRULQJ LVYHUWLFDOO\DERYH
LWVQRPLQDOSRVLWLRQLVUDWKHUFRDUVHLWDSSHDUVWKDWWKHFRQFHQWUDWLRQRIIDOVHÀ[HVDW
VSHFLÀFDQJOHVLVFDXVHGE\WKHJHRPHWU\RIWKHKXOOFKDPEHUDQGWKHWUDQVGXFHUV
7KHDEVROXWHVWUHQJWKRIWKHWUDQVSRQGHUVLJQDODQGWKHVLJQDOWRQRLVHUDWLR615
PD\LQÁXHQFHWKHORFDWLRQSHUIRUPDQFHRIWKHV\VWHPWRR615LVGLVSOD\HGE\WKH
$E\VVVRIWZDUHGXULQJRSHUDWLRQRI3RVLGRQLDEXWDSSDUHQWO\ LW LVQRWVWRUHG LQ WKH
DUFKLYHGGDWDFI,[VHD)RUDTXDOLWDWLYHDVVHVVPHQWDOLQHDUUHODWLRQEHWZHHQ
VODQWUDQJHZKLFKLVDUDWKHUUHOLDEOHTXDQWLW\EHLQJGHWHUPLQHGMXVWE\WUDYHOWLPH
DQGDVVXPHGVLJQDOVWUHQJWKLQG%KDVEHHQFDOFXODWHGZLWKYDOXHVDUELWUDULO\VHWWR
G%DWPGLVWDQFH)LJXUHKRZHYHUUHYHDOVWKDWWKHSHUFHQWDJHRI´JRRGµ
positions is rather constant over the full range of slant ranges from 0 to 6000 m. Lower 
615VZKLFKZHUHREVHUYHGRQWKH$E\VVGLVSOD\GXULQJWKHRSHUDWLRQRIWKHV\VWHP
ZHUHRIWHQFRUUHODWHGZLWKSRRUSRVLWLRQVRUQRSRVLWLRQVDWDOO²WKLVPD\LQGLFDWHWKDW
WKHDFWXDO615PD\EHORZHUWKDQWKHYDOXHVUHVXOWLQJIURPXVLQJDVLPSOHVODQWUDQJH
WR615UHODWLRQ3RVVLEO\ODUJHUDQJOHVOHDGWRSDUWLDOUHÁHFWLRQRIWKHLQFRPLQJVRXQG
signal before reaching the Posidonia transducers inside the hull chamber. This effect, 
however, can not be validated without original SNR values. 
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3. Conclusions
Evaluation of the Posidonia data from ANT-XXVII/2 reveals that the open moon pool 
DUUD\LVFOHDUO\VXSHULRUWRWKHÀ[HGDUUD\PRXQWHGSHUPDQHQWO\LQDSOH[LJODVVFRYHUHG
hull chamber. 
7KHÀ[HGDUUD\SHUIRUPVUHODWLYHO\ZHOOZKHQPolarstern heave movement is < 4 m, 
DQG WKHPRRULQJ WUDQVSRQGHU LVDOPRVWYHUWLFDOO\EHORZ WKHVKLS DQJOH7KH
RSHQDUUD\FRSHVHDVLO\ZLWKDQJOHVRIWRSRVVLEO\HYHQPRUH
Fig. 8: Slant range vs. deviation from nominal position (y-axis). Colour denotes reported transponder 
GHSWK7KHEODFNGRWVUHIHUWRWKH²UDWKHUJRRG²SRVLWLRQÀ[HVRIWKHRSHQDUUD\UHJDUGOHVVRI
WUDQVSRQGHUGHSWKWKHJUH\GRWVWRHYHQWZKHUHDPRRULQJGULIWLQJIDUDZD\IURPLWVQRPLQDO
SRVLWLRQXQGHUDQLFHÁRHZDVWUDFNHG7KHVODQWHGEODFNOLQHVLQGLFDWHDQDLPLQJHUURURIDQG
45°, respectively. 
:KHQ WKH VKLS LV WXUQLQJ WKH À[HG DUUD\ W\SLFDOO\ SURGXFHV FRQFHQWULF ´FLUFOHVµ LQ
absolute positions, which are related to constant bearings in relative angles to the 
VKLS,QFDVHRIWKHVKLSQRWPRYLQJFRQVWDQWEHDULQJVSURGXFHSRVLWLRQ´FORXGVµERWK
in relative and absolute coordinates. When the mooring is descending or ascending, 
´VWUHDNVµLQDEVROXWHFRRUGLQDWHVFDQEHWKHUHVXOWRIIDOVHFRQVWDQWEHDULQJV
7KHUHDUHVRPHLQGLFDWLRQVWKDWVSHFLÀFDQJOHVRILQFRPLQJVRXQGDUHSURMHFWHGLQWR
VSHFLÀFIDOVHEHDULQJVEXWDVSHFLÀFPDSSLQJIXQFWLRQWRFRUUHFWWKLVHIIHFWFDQQRWEH
GHÀQHGZLWKRXWLQGHSHQGHQWH[DFWSRVLWLRQGDWDRIWKHWUDQVSRQGHU
6XJJHVWHGPHWKRGVWRLGHQWLI\IDOVHÀ[HVDQGUHWULHYHWKHDFWXDOSRVLWLRQRIDPRRULQJ
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- :KHQXVLQJWKHÀ[HGDUUD\DWVHD
- 3RVLWLRQWKHVKLSDOPRVWYHUWLFDOO\DERYHWKHPRRULQJDQJOH
- 7XUQ WKH VKLS WRJHW FRQFHQWULF ´FLUFOHVµ RQ WKHPDS7KH FLUFOHVDUHEHWWHU WR
GLVWLQJXLVK RQ WKH VFUHHQ WKDQ VWDWLRQDU\ ´FORXGVµ DQG WKH DFWXDO SRVLWLRQ LV
DOZD\VLQWKHFHQWUHRIWKHFLUFOHV
- 3RVWSURFHVVLQJRIDOO3RVLGRQLDDQG'6KLSGDWDDVGRQHLQWKLVUHSRUWPD\JLYH
the best possible position estimate of all moorings. At the present stage, the 
Matlab program used for this task is not capable of real-time processing. 
7KHRSWLPXPVROXWLRQZLOOEHKRZHYHUWRXVHDQRSHQDUUD\ZLWKRXWSRVVLEOHDFRXVWLF
UHÁHFWLRQVHWF²HLWKHUWKHPRRQSRROGHYLFHZKLFKLVQRWFDSDEOHIRUIDVWVDLOLQJRU
LFHRUDPRGLÀHGÀ[HGDUUD\ZLWKWUDQVGXFHUVRXWVLGHRIWKHVKLSҋVKXOO
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A1 Statistics for all 53 mooring operations during ANT-XXVII/2
0RRULQJ,'
Station # 
running #
Deploy-
ment
date/time
[UTC]
Deployment
position
*36
Depth
(DWS)
Final
position
(best
estimate
from
3RVLGRQLD
3RVLGRQLD
Statistics
:LQGYP$'3&
6KLSKHDYH
array/ice
5HPDUNV3RVLGRQLD
5HPDUNV0RRULQJ
ANT3-2Rf
PS77/13-2
1
30.11.2010
released
@ 03:44
37° 5.75' S
12° 46.22' E
4795 m
no reception 1D1
m
Wind  9.7 m/s to
42°
&XUUPVWR
196°
Heave 3.8 m FW
No reception.
3,(6OLNHO\ORVW
ANT3-3D
PS77/013-3
2
30.11.2010
slipped
@ 06:31
37° 5.84' S
12° 45.23' E
4904 m
37° 05.80‘ S
12° 45.48‘ E
5000 m 
@07:40
1D1
NaN m
Wind  7.8 m/s to
47°
&XUUPVWR
233°
Heave 3.1 m FW
1RORJILOHVDYHG
Posidonia position 
uncertain.
PIES D 1.18 m/s.
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0RRULQJ,'
Station # 
running #
Deploy-
ment
date/time
[UTC]
Deployment
position
*36
Depth
(DWS)
Final
position
(best
estimate
from
3RVLGRQLD
3RVLGRQLD
Statistics
:LQGYP$'3&
6KLSKHDYH
array/ice
5HPDUNV3RVLGRQLD
5HPDUNV0RRULQJ
ANT4-1Rf
PS77/14-2
3
01.12.2010
released
@ 07:35
39° 12.62' S
11° 20.39' E
5139 m
no reception 
NaN m
Wind 14.3 m/s to 
319°
&XUU1D1PVWR
NaN°
Heave 4.4 m FW
No reception.
3,(6OLNHO\ORVW
ANT4-2Df
PS77/014-3
4
01.12.2010
slipped
@ 10:13
39° 12.71' S
11° 19.57' E
5139 m
39° 12.81' S
11° 19.88' E
4438 m @ 
11:32

519 m
Wind 13.9 m/s to 
316°
&XUU1D1PVWR
NaN°
Heave 4.5 m FW
Stable positions from de-
VFHQWDVFHQWDOVRPDQ\
FRQFHQWULFDOO\VFDWWHUHG
fixes. Releaser failed,
recovered @13:14.
PIES D 1.25 m/s. R -1.04 
m/s.
ANT5-2R
PS77/15-2
5
02.12.2010
released
@ 05:53
41° 7.39' S
9° 57.76' E
4717 m
41°  7.39' S
9° 57.70' E
4660 m @ 
05:53

2332 m
Wind  7.4 m/s to 
281°
&XUU1D1PVWR
NaN°
Heave 1.9 m FW
Good positions @ground 
H[DFWO\DWQRPLQDOSRV
/DWHUVFDWWHUHGIL[HVRQO\
Leave bottom @06:07. 
PIES R -1.19 m/s.
ANT5-3D
PS77/015-3
6
02.12.2010
slipped
@ 08:05
41° 9.77' S
9° 55.31' E
4624 m
41°  9.74' S
9° 55.34' E
4601 m 
@09:29

1174 m
Wind  6.7 m/s to 
259°
&XUUPVWR
169°
Heave 2.0 m FW
Good positions,+ lots of 
FRQFHQWULFDOO\VFDWWHUHG
fixes
&3,(6ZLWKRXW'&6'
0.91 m/s. 
ANT6-1D
PS77/016-1
7
02.12.2010
slipped
@ 22:17
42° 58.80' S
8° 30.15' E
3930 m
42° 58.76‘ S
08° 30.00‘ E
3871 m 
@01:00

+/-1201m
Wind 11.9 m/s to 
181°
&XUUPVWR
198°
Heave 1.3 m FW
/DUJHVFDWWHU&RQVLVWHQW
SRVLWLRQVRQO\GXULQJILUVW
part of descent, and later 
when Polarstern sailed 
across position. Posidonia 
time axis error: Fixes after 
00:00 assigned 24 h ear-
lier. PIES D 0.86 m/s.
ANT7-3R
PS77/17-1
8
03.12.2010
released
@ 14:06
44° 39.51' S
7° 6.38' E
4593 m
44° 38.87' S
7°  6.22' E
4561 m

849 m
Wind 14.7 m/s to
90°
&XUUPVWR
18°
Heave 6.0 m FW
&RQVLVWHQWSRVLWLRQV
0.7 nm north of nominal 
position. Some random 
scatter. Pick up position 
3 hours later agrees with 
YP$'&3(7WUDQV-
ponder might have turned 
upside down. Leave bot-
tom @14:29
&3,(65PV
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A.5 Posidonia operations 
0RRULQJ,'
Station # 
running #
Deploy-
ment
date/time
[UTC]
Deployment
position
*36
Depth
(DWS)
Final
position
(best
estimate
from
3RVLGRQLD
3RVLGRQLD
Statistics
:LQGYP$'3&
6KLSKHDYH
array/ice
5HPDUNV3RVLGRQLD
5HPDUNV0RRULQJ
ANT7-4D
PS77/017-2
9
03.12.2010
slipped
@ 18:37
44° 39.73' S
7° 5.15' E
4593 m
44° 39.65‘ S
07° 05.25‘ E
4500 m 
@22:20

938 m
Wind 15.8 m/s to
86°
&XUUPVWR
57°
Heave 4.9 m FW
&RQVLVWHQWSRVLWLRQV
VRPHFRQFHQWULFDOO\VFDW-
tered fixes.
PIES D 1.03 m/s.
ANT8-1D
PS77/018-1
10
04.12.2010
slipped
@ 14:55
46° 12.97' S
5° 40.23' E
4786 m
46° 12.95' S    
5° 40.17' E
4760 m 
@17:40

884 m
Wind 14.0 m/s to
46°
&XUUPVWR
261°
Heave 6.0 m FW
&RQVLVWHQWSRVLWLRQVRQO\
on ground; second group 
of fixes 0.8 nm north 
XQOLNHO\
PIES D 0.95 m/s.
ANT9-2R
PS77/19-1
11
05.12.2010
released
@ 08:02
47° 39.37' S
4° 15.78' E
4545 m
47° 39.24' S
4° 15.81' E
4545 m

555 m
Wind 10.6 m/s to 
118°
&XUUPVWR
38°
Heave 2.5 m FW
Two different positions 
on ground 0.15 nm apart. 
Northern position agrees 
EHWWHUZLWKYP$'&3DQG
surfacing position. Some 
random scatter. PIES R 
-0.91 m/s.
ANT9-3D
PS77/019-2
12
05.12.2010
slipped
@ 10:20
47° 39.87' S
4° 15.22' E
4541 m
no reception 
NaN m
Wind  9.3 m/s to 
146°
&XUUPVWR
59°
Heave 2.2 m FW
No reception. 
PIES D. 
ANT10-1Rf
PS77/20-1
13
06.12.2010
released
@ 01:31
49° 0.69' S
2° 50.07' E
4057 m
no reception 
NaN m
Wind 18.5 m/s to 
157°
&XUUPVWR
96°
Heave 4.1 m FW
No reception. 
3,(6OLNHO\ORVW3RS8S
data until 30.12.2009.
ANT10-2D
PS77/020-2
14
06.12.2010
slipped
@ 03:58
49° 0.77' S
2° 50.05' E
4056 m
no reception 
NaN m
Wind 16.4 m/s to 
140°
&XUUPVWR
120°
Heave 4.7 m FW
No reception. 
PIES D.
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ANT-XXVII/2
0RRULQJ,'
Station # 
running #
Deploy-
ment
date/time
[UTC]
Deployment
position
*36
Depth
(DWS)
Final
position
(best
estimate
from
3RVLGRQLD
3RVLGRQLD
Statistics
:LQGYP$'3&
6KLSKHDYH
array/ice
5HPDUNV3RVLGRQLD
5HPDUNV0RRULQJ
ANT11-3R
PS77/21-1
15
06.12.2010
released
@ 19:05
50° 15.50' S
1° 26.58' E
3876 m
50° 15.61' S
1° 26.76' E
3822 m

848 m
Wind  3.8 m/s to 
314°
&XUUPVWR
30°
Heave 3.9 m FW
Stable position at ground, 
during ascent positions 
inconsistent with later 
pick-up position. Some 
scatter.
PIES R -0.77 m/s.
ANT11-4D
PS77/021-3
16
07.12.2010
slipped
@ 00:13
50° 15.45' S
1° 25.18' E
3901 m
50° 15.33' S
1° 25.00' E
3846 m @ 
01:22

303 m
Wind  7.0 m/s to 
244°
&XUUPVWR
215°
Heave 3.5 m FW
3HUVLVWLQJO\ZURQJSRVL-
tions, later fixes consis-
tent with slip position and 
current to NW.
PIES D 0.93 m/s.
ANT12-1D
PS77/022-1
17
07.12.2010
slipped
@ 10:52
51° 25.15' S
0° 0.24' E
2713 m
51° 25.23' S
0°  0.42' E
2654 m @ 
11:41

337 m
Wind 13.3 m/s to 
220°
&XUUPVWR
151°
Heave 2.4 m FW
Depth estimates good, lat/
lon jumping several times 
between different posi-
tions, range 0.2 nm. PIES 
D 0.90 m/s.
ANT13-2R
PS77/26-1
18
08.12.2010
released
@ 09:11
53° 30.97' S
0° 0.40' E
2645 m
53° 31.21' S
0°  0.13' E
2645 m

386 m
Wind 16.5 m/s to 
107°
&XUUPVWR
130°
Heave 3.9 m FW
5HODWLYHO\JRRGSRVLWLRQV
but beginning not befo-
re 15 min after release. 
Some random scatter.
PIES R -0.93 m/s.
ANT13-3D
PS77/026-2
19
08.12.2010
slipped
@ 11:23
53° 31.22' S
0° 0.13' E
2642 m
53° 31.20' S
0°  0.23' E
2585 m @ 
12:09

485 m
Wind 17.4 m/s to 
102°
&XUUPVWR
345°
Heave 3.8 m FW
5HODWLYHO\JRRGSRVLWLRQV
during descent and at 
JURXQG&RQVLVWHQWGLV-
placement 0.07 nm to 
(1(ZLGHO\DJUHHLQJZLWK
YP$'&3
PIES D 0.94 m/s.
ANT14-1D
PS77/034-1
20
10.12.2010
slipped
@ 04:15
56° 55.71' S
0° 0.01' W
3673 m
56° 55.60' S
0°  0.10' W
3582 m @ 
06:15

959 m
Wind 10.6 m/s to
91°
&XUUPVWR
335°
Heave 2.3 m FW
Several stable positions; 
PRVWOLNHO\VHOHFWHGLQ
agreement with northward 
YP$'&3FXUUHQW
PIES D 0.83 m/s.
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A.5 Posidonia operations 
0RRULQJ,'
Station # 
running #
Deploy-
ment
date/time
[UTC]
Deployment
position
*36
Depth
(DWS)
Final
position
(best
estimate
from
3RVLGRQLD
3RVLGRQLD
Statistics
:LQGYP$'3&
6KLSKHDYH
array/ice
5HPDUNV3RVLGRQLD
5HPDUNV0RRULQJ
ANT15-1R
PS77/38-1
21
11.12.2010
released
@ 06:43
59° 2.32' S
0° 5.29' E
4645 m
59°  2.35' S
0°  5.28' E
4591 m

376 m
Wind 13.7 m/s to 
324°
&XUUPVWR
150°
Heave 0.4 m FI
Stable position fixes, 
some concent-ric echoes. 
Drift to NW with wind and 
ice at surface.
PIES R -1.07 m/s.
AWI227-10Rf
PS77/039-1
22
11.12.2010
released
@ 09:41
59° 3.97' S
0° 4.45' E
4679 m
59°  4.09' S
0°  5.04' E
4678 m @ 
10:25

1360 m
Wind 13.3 m/s to 
351°
&XUUPVWR
147°
Heave 0.3 m FI
Some concentric echoes, 
but most positions stable 
if at all contact (14% re-
WXUQUDWH5HOHDVHIDLOHG
Mooring east of nominal 
position.
MARU1Rc
PS77/040-1
23
11.12.2010
13:40
59° 9.42' S
0° 2.21' W
4742 m
59° 10.25' S
0°  0.39' E
4848 m

1822 m
Wind 10.6 m/s to
31°
&XUUPVWR
90°
Heave 0.3 m FI
Some concentric echoes, 
but most positions stable 
RIWKHWLPH
MARU, release cancelled 
due to ice.
AWI227-11D
PS77/41-1
24
11.12.2010
17:54
59° 3.36' S
0° 6.19' E
4658 m
59°  3.25' S
0°  6.73' E
4202 m @ 
18:22

561 m
Wind 10.9 m/s to
48°
&XUUPVWR
124°
Heave 0.4 m FI
&RQVLVWHQWSRVLWLRQV
during descent; later 
position at bottom unli-
NHO\(VWLPDWHEDVHGRQ
GHVFHQWDQGYP$'&3
current.
Anchor last D 2.50 m/s.
ANT15-2D
PS77/042-2
25
11.12.2010
slipped
@ 18:51
59° 2.37' S
0° 5.29' E
4647 m
59°  2.39' S
0°  5.52' E
4590 m @ 
20:30

1384 m
Wind  9.4 m/s to
59°
&XUUPVWR
121°
Heave 0.5 m FI
Most positions consistent 
PIES D 0.93 m/s.
MARU1R
PS77/043-2
26
12.12.2010
released
@ 02:08
59° 10.05' S
0° 0.17' E
4748 m
59° 10.25' S
0°  0.39' E
4830 m @ 
02:08

271 m
Wind  9.7 m/s to
85°
&XUUPVWR
119°
Heave 0.8 m FI
Most positions consistent. 
MARU R -1.62 m/s.
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ANT-XXVII/2
0RRULQJ,'
Station # 
running #
Deploy-
ment
date/time
[UTC]
Deployment
position
*36
Depth
(DWS)
Final
position
(best
estimate
from
3RVLGRQLD
3RVLGRQLD
Statistics
:LQGYP$'3&
6KLSKHDYH
array/ice
5HPDUNV3RVLGRQLD
5HPDUNV0RRULQJ
ANT17-1D
PS77/053-1
27
14.12.2010
slipped
@ 23:45
64° 0.70' S
0° 2.72' W
5201 m
no reception 
NaN m
Wind 18.2 m/s to 
206°
&XUUPVWR
220°
Heave 0.2 m FI
No reception. 
PIES D.
AWI229-8R
PS77/053-4
28
15.12.2010
released
@ 06:36
63° 58.18' S
0° 2.21' W
5209 m
no reception 1D1
NaN m
Wind 15.7 m/s to 
161°
&XUUPVWR
231°
Heave 0.4 m FI
No reception. 
0RRULQJ53DUWO\XQGHU
ice @07:12 to 11:54. . 
AWI229-9D
PS77/053-5
29
15.12.2010
slipped
@ 16:29
63° 59.56' S
0° 2.65' W
5205 m
no reception 1D1
NaN m
Wind 14.6 m/s to 
163°
&XUUPVWR
228°
Heave 0.4 m FI
No recpetion. 
Mooring D, anchor first.
MARU2Rc
PS77/054-1
30
15.12.2010
17:15
64° 4.17' S
0° 4.72' W
5196 m
64°  5.03' S
0°  5.40' W
5188 m

1137 m
Wind 12.3 m/s to 
158°
&XUUPVWR
176°
Heave 0.7 m FI
Stable positions not 
before
17 min after first contact. 
MARU, release cancelled 
due to ice.
AWI230-6R
PS77/058-1
31
16.12.2010
released
@ 15:14
66° 1.49' S
0° 3.89' E
3615 m
66°  1.13' S
0°  4.97' E
3580 m @ 
15:15

832 m
Wind  9.1 m/s to 
215°
&XUUPVWR
168°
Heave 0.4 m FW
9HU\IHZJRRGSRVLWLRQV
RQO\WKUHHDIWHUUHOHDVH
Mooring R -3.17 m/s 
(but Posidonia depths 
XQUHOLDEOH
AWI230-7D
PS77/58-2
32
16.12.2010
slipped
@ 19:35
66° 1.90' S
0° 3.25' E
3607 m
66°  2.02' S
0°  2.88' E
3400 m @ 
19:56

829 m
Wind 10.7 m/s to 
224°
&XUUPVWR
60°
Heave 0.3 m FW
3RVLWLRQVRQO\GHHSHU
1800 m, last plausible 
position @ 19:56 before 
landing. Final pos. 0.2 nm 
SW of slip pos. Anchor 
last D 2.70 m/s.
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A.5 Posidonia operations 
0RRULQJ,'
Station # 
running #
Deploy-
ment
date/time
[UTC]
Deployment
position
*36
Depth
(DWS)
Final
position
(best
estimate
from
3RVLGRQLD
3RVLGRQLD
Statistics
:LQGYP$'3&
6KLSKHDYH
array/ice
5HPDUNV3RVLGRQLD
5HPDUNV0RRULQJ
AWI231-8R
PS77/59-2
33
17.12.2010
released
@ 06:21
66° 30.57' S
0° 2.87' W
4579 m
66° 30.79' S
0°  1.74' W
4480 m @ 
06:20

1104 m
Wind 10.9 m/s to 
250°
&XUUPVWR
123°
Heave 0.3 m FW
Positions 0.2 nm to NW 
HTXDOO\OLNHO\6XUIDFLQJ
position 0.2 nm SW of 
nominal position. 
Mooring R -1.67 m/s.
AWI231-9D
PS77/59-3
34
17.12.2010
slipped
@ 11:22
66° 30.71' S
0° 1.54' W
4538 m
different 
positions;
4230 m @ 
11:58

1244 m
Wind 10.2 m/s to 
263°
&XUUPVWR
87°
Heave 0.3 m FW
Different estimates +/- 0.5 
nm, none agreeing with 
slip position.
Anchor last, 1.95 m/s. 
AWI232-9R
PS77/66-2
35
19.12.2010
released
@ 05:40
68° 59.95' S
0° 0.04' W
3414 m
68° 59.95' S
0°  0.11' W

m
Wind  4.0 m/s to 
230°
&XUUPVWR
246°
Heave 0.3 m FW
2QO\YHU\IHZSRVLWLRQ
estimates during ascend, 
0.5 nm east of actual top 
float surfacing position.
Mooring R -1.33 m/s.
AWI232-10D
PS77/66-3
36
19.12.2010
slipped
@ 09:50
69° 0.11' S
0° 0.11' W
3404 m
different 
positions,
3100 m

1106 m
Wind  4.8 m/s to 
228°
&XUUPVWR
253°
Heave 0.1 m FW
Scattered positions 0.5 
nm NE of slip position, 
and circular 0.8 nm S, all 
RIWKHPXQOLNHO\
Anchor last D 2.07 m/s.
AWI244-1R
PS77/68-1
37
23.12.2010
released
@ 06:17
68° 59.83' S
6° 56.37' W
2942 m
no reception 1D1
NaN m
Wind  4.0 m/s to
46°
&XUUPVWR
289°
Heave 0.2 m FW
Mooring, at surface 
@06:26.
AWI244-2D
PS77/68-2
38
23.12.2010
slipped
@ 10:04
69° 0.30' S
6° 58.89' W
2950 m
69° 0.46' S
6°  59.42' W
2140 m @ 
10:20

1127 m
Wind  5.8 m/s to
76°
&XUUPVWR
183°
Heave 0.2 m FW
Some positions during 
descent until 10:20; at 
JURXQGXQOLNHO\HVWLPDWHV
1 nm to NE.
Mooring D 2.22 m/s.
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ANT-XXVII/2
0RRULQJ,'
Station # 
running #
Deploy-
ment
date/time
[UTC]
Deployment
position
*36
Depth
(DWS)
Final
position
(best
estimate
from
3RVLGRQLD
3RVLGRQLD
Statistics
:LQGYP$'3&
6KLSKHDYH
array/ice
5HPDUNV3RVLGRQLD
5HPDUNV0RRULQJ
AWI245-1R
PS77/78-2
39
27.12.2010
released
@ 06:08
69° 3.57' S
17° 26.35' 
W
4778 m
no reception 
NaN m
Wind  7.0 m/s to 
303°
&XUUPVWR
259°
Heave 0.3 m FI
Mooring at surface 
@06:15.
AWI245-2D
PS77/78-3
40
27.12.2010
slipped
@ 11:06
69° 3.52' S
17° 23.05' 
W
4778 m
inconsistent
pos-itions 0.8 
nm ESE 

m
Wind  7.8 m/s to 
307°
&XUUPVWR
229°
Heave 0.1 m FI
Few and inconsistent 
position estimates; none 
during descent.
Anchor first.
AWI209-5R
PS77/84-1
41
29.12.2010
released
@ 09:03
66° 36.73' S
27° 6.88' W
4876 m
inconsistent
positions

853 m
Wind  8.6 m/s to 
349°
&XUUPVWR
245°
Heave 0.2 m FW
Few, inconsistent 
positions
0.8 nm to S and E.
AWI209-6D
PS77/84-2
42
29.12.2010
slipped
@ 14:06
66° 36.70' S
27° 7.31' W
4877 m
3250 m @ 
14:34
during
descent

m
Wind 11.2 m/s to 
335°
&XUUPVWR
299°
Heave 0.3 m FW
Few, inconsistent concen-
WULFDOO\VFDWWHUHGSRVLWLRQV
0.8 nm to NE. Anchor last, 
1.93 m/s.
AWI208-5R
PS77/91-1
43
01.01.2011
released
@ 06:04
65° 36.93' S
36° 24.47' 
W
4781 m
65° 37.34' S
36° 24.20' 
W
@12:29 on 
deck
Scattered
fixes
2SHQDUUD\
from 08:36 
²
65° 36.84' S
36° 23.87' W
4050 m or
65° 36.87' S
36° 23.96' W

968 m
Wind  6.2 m/s to 
248°
&XUUPVWR
80°
Heave 0.6 m 
FI,then OI
)L[HGDUUD\0RRULQJSR-
sition at bottom unclear; 
ODWHUPDQ\FRQFHQWULFDOO\
scattered positions. 
2SHQDUUD\WZRSRVLWLRQV
0.05 nm apart (depending 
RQ3RODUVWHUQVSHHGQR
scatter. Mooring 
under ice floe (Posidonia 
depth @ 4000 m during 
WKLVWLPH
AWI208-6D
PS77/91-2
44
01.01.2011
slipped
@ 17:44
65° 37.03' S
36° 25.24' 
W
4783 m
no reception 1D1
NaN m
Wind  5.6 m/s to 
255°
&XUUPVWR
251°
Heave 0.3 m FI
Anchor first.
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A.5 Posidonia operations 
0RRULQJ,'
Station # 
running #
Deploy-
ment
date/time
[UTC]
Deployment
position
*36
Depth
(DWS)
Final
position
(best
estimate
from
3RVLGRQLD
3RVLGRQLD
Statistics
:LQGYP$'3&
6KLSKHDYH
array/ice
5HPDUNV3RVLGRQLD
5HPDUNV0RRULQJ
AWI242-1R
PS77/93-1
45
02.01.2011
released
@ 07:34
65° 34.34' 
S*
37° 7.40' W*
4755 m @ 
08:38
no reception 1D1
NaN m
Wind  4.3 m/s to 
325°
&XUUPVWR
49°
Heave 0.5 m FI
Helicopter release.
*Position @ 08:38 moo-
ring on deck.
AWI217-3R
PS77/101-1
46
04.01.2011
released
@ 13:43
64° 23.70' 
S*
45° 52.00' 
W*
4466 m @ 
14:27
no reception 
NaN m
Wind 11.0 m/s to 
163°
&XUUPVWR
193°
Heave 1.1 m FW
Helicopter release
*Position @ 14:27 moo-
ring on deck.
AWI217-4D
PS77/101-2
47
04.01.2011
slipped
@ 17:25
64° 23.88' S
45° 51.95' 
W
4466 m
64° 24.21' S
45° 51.59' W
4383 m @ 
17:57

719 m
Wind  6.1 m/s to 
162°
&XUUPVWR
18°
Heave 1.1 m FW
Final position @ 17:57 
0.25 nm SE of slip positi-
on. Few scatter.
Anchor last D 2.28 m/s.
AWI216-3R
PS77/105-1
48
05.01.2011
released
@ 14:13
63° 54.28' S
49° 3.32' W
3525 m
63° 53.94' S
49°  4.67' W
3480 m @ 
14:15

206 m
Wind  7.4 m/s to 
343°
&XUUPVWR
234°
Heave 0.7 m OW
&RQVLVWHQWSRVLWLRQVOLWWOH
scatter. 
Mooring R -1.61 m/s.
AWI216-4D
PS77/105-2
49
05.01.2011
slipped
@ 15:57
63° 54.03' S
49° 4.72' W
3526 m
63° 54.06' S
49°  4.80' W
3482 m @ 
16:23

453 m
Wind  8.2 m/s to 
357°
&XUUPVWR
213°
Heave 0.7 m OW
&RQVLVWHQWSRVLWLRQVIHZ
outliers. Mooring Anchor 
first D 2.23 m/s.
AWI207-7R
PS77/109-2
50
06.01.2011
released
@ 08:29
63° 42.97' S
50° 48.73' 
W
2561 m
63° 42.71' S
50° 50.56' W
2538 m @ 
08:28

321 m
Wind  8.3 m/s to 
141°
&XUUPVWR
323°
Heave 1.6 m OW
Good positions, few 
outliers.
Mooring R -1.54 m/s.
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0RRULQJ,'
Station # 
running #
Deploy-
ment
date/time
[UTC]
Deployment
position
*36
Depth
(DWS)
Final
position
(best
estimate
from
3RVLGRQLD
3RVLGRQLD
Statistics
:LQGYP$'3&
6KLSKHDYH
array/ice
5HPDUNV3RVLGRQLD
5HPDUNV0RRULQJ
AWI207-8D
PS77/109-3
51
06.01.2011
slipped
@ 12:05
63° 43.07' S
50° 49.91' 
W
2552 m
63° 43.19' S
50° 49.55' W
2542 m @ 
12:24

452 m
Wind 10.0 m/s to 
144°
&XUUPVWR
260°
Heave 1.3 m OW
YP$'&3FXUUHQWNQ
to NW. Good positions, 
few outliers. 
Mooring Anchor last D 
2.23 m/s. 
AWI206-6R
PS77/111-1
52
06.01.2011
released
@ 18:20
63° 29.09' S
52° 5.65' W
973 m
63° 28.76' S
52°  5.70' W
910 m @ 
18:20

196 m
Wind  5.9 m/s to 
199°
&XUUPVWR
327°
Heave 1.8 m OW
Good positions, few out-
liers. Mooring R -1.21 
m/s.
AWI206-7D
PS77/111-2
53
06.01.2011
slipped
@ 20:37
63° 28.84' S
52° 5.77' W
970 m
63° 28.93' S
52°  5.87' W
896 m @ 
20:53

m
Wind  1.8 m/s to 
199°
&XUUPVWR
12°
Heave 1.3 m OW
Good positions, none du-
ring descent (Posidonia 
VZLWFKHGRQODWHU
Mooring D Anchor last. 
Table 1: Summary of Posidonia reception characteristics during ANT-XXVII/2. 
Explanations to abbreviations: 
1st column: Mooring ID + R (recovery), Rf (recovery failed), Rc (recovery cancelled), 
'GHSOR\PHQW'IGHSOR\PHQWIDLOHG6WDWLRQUHIHUVWRVWDWLRQERRN
3RODUVWHUQ36[[[[7KHODVWQXPEHULVWKH´HYHQWQXPEHUµWR
5thFROXPQ 3RVLGRQLDVWDWLVWLFV([DPSOHP1t, total number RIWUDQVSRQGHUÀ[HVUHWXUQUDWHLHQXPEHURIWUDQVSRQGHUÀ[HV
VKLSÀ[HV1t / Ns, here 34/44). +/- 26 m: standard deviation of position À[HVDVDPHDVXUHIRUVFDWWHU
Wind and Current calculated from u- and v-average during mooring 
operation time. vmADCP current averaged between 100 m and 200 m 
depth, i.e. below Ekman depth. 
Heave: maximum heave movement of the ship during mooring operation 
time. Posidonia array and seaice conditions: FW, FI, OW, OI: Fixed array 
(F)/ Open array (O), open water (W)/ seaice (I). 
NaN values refer to no data, zero return to no reception from transponder (but
Posidonia working). 
6KDGHGÀHOGV LQGLFDWHRSHUDWLRQRIWKHRSHQPRRQSRRO3RVLGRQLDDUUD\
:KLWHÀHOGV LQGLFDWHXVHRIWKHÀ[HG3RVLGRQLDDUUD\
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$0DSVUHODWLYHEHDULQJVDQG/DW/RQ'HSWKWLPHVHULHVRIVHOHFWHG
3RVLGRQLDRSHUDWLRQV
([SODQDWLRQVWRWKHÀJXUHVRQHDFKSDJH
7LWOH(YHQWQXPEHUPRRULQJ,'DQGW\SHRIRSHUDWLRQ:
5   UHFRYHU\
5I   UHFRYHU\IDLOHG
5F   UHFRYHU\FDQFHOOHG
'   GHSOR\PHQW
'I   GHSOR\PHQWIDLOHG
7RSOHIW0DSRIDEVROXWH3RVLGRQLDSRVLWLRQV
Dark blue circles: Ship position. 
&RORXUHGGRWV 7UDQVSRQGHUSRVLWLRQFRORXU GHSWKVDPHFRORXUVFDOLQJLQDOO
ÀJXUHV
%OXHDUURZV YP$'&3FXUUHQWVPLQDYHUDJHVRYHUWRPLH
EHORZWKH(NPDQOD\HU/HQJWKRIWKHDUURZVFRUUHVSRQGVWR
1-hour displacement. 
5HGDUURZV :LQGVSHHGDQGGLUHFWLRQIURP'6KLSHYHU\PLQ/HQJWKRI
arrows corresponds to 1-hour displacement * 0.01. 
%ODFNGLDPRQGV 0D[LPXPKHDYHPRWLRQIURP'6KLSGXULQJPLQLQWHUYDOHYHU\
20 min, relative scaling. 
7H[WOLQH YP$'&3FXUUHQWPDQGZLQGDYHUDJHVRYHUHQWLUH
Posidonia operation period. Maximum heave during entire 
SHULRG1WRWDOQXPEHURIWUDQVSRQGHUÀ[HV1D13RVLGRQLD
QRWRSHUDWLQJ3RVLGRQLDRSHUDWLQJEXWQRÀ[HVG[DQGG\
standard deviation of absolute mooring position. 
7RSULJKW5HODWLYHEHDULQJVRI3RVLGRQLDÀ[HVDQGH[SHFWHGEHDULQJDVVXPLQJ
QRPLQDOSRVLWLRQDQGUHSRUWHGVODQWUDQJH3LWFKDQGUROOQRWFRUUHFWHG
&RRUGLQDWHV YHUWLFDOO\EHORZVKLS LQFHQWUH WRS IRUZDUG ULJKW VWDUERDUGHWF
7KHXQLWVDUHGHJUHHV7KHÀJXUHVKRZVUHODWLYHEHDULQJVQRW
[\FRRUGLQDWHVDVWKHUHODWLYHGLVSOD\LQWKH$E\VVVRIWZDUHGRHV
&RORXUHGGRWV %HDULQJVUHSRUWHGE\3RVLGRQLD&RORXU GHSWK
%ODFNJUH\FLUFOHV ([SHFWHGEHDULQJVDVVXPLQJQRPLQDOSRVLWLRQDQGUHSRUWHGVODQW
range.
´JGµ´JRRGGHHSµÀ[HVPDZD\IURPQRPLQDOSRVLWLRQGHSWK!PEROGGRWV
EODFNOLQHVDQGODUJHEODFNFLUFOHV
´SGµ´SRRUGHHSµÀ[HV!PDZD\IURPQRPLQDOSRVLWLRQGHSWK!PPHGLXP
SDOHUGRWVJUH\OLQHVJUH\FLUFOHV
´Vµ ´VKDOORZµÀ[HVGHSWKP VPDOOSDOHGRWV OLJKWJUH\ OLQHVDQGVPDOOJUH\
FLUFOHV
%RWWRPOHIW7LPHVHULHVRIUHSRUWHG/DWLWXGH/RQJLWXGHDQG'HSWK
&RORXUUHIHUVWRGHSWKVDPHFRORXUVFDOLQJIRUDOOSORWV
Lat/Lon timeseries: The slanted black line indicates the horizontal displacement of 
WKHPRRULQJLIWKHFXUUHQWPHDVXUHGE\YP$'&3EHWZHHQDQGPZRXOG
DSSO\WRWKHHQWLUHZDWHUFROXPQ
Depth timeseries: The slanted line indicates a vertical descent / ascent speed of 
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1 m/s. The actual speed can be somewhat smaller or larger, depending on the 
PRRULQJFRQÀJXUDWLRQ
%RWWRPULJKW'UDZLQJRIGHSOR\HGPRRULQJV
1RWHFigures and Posidonia data for all 53 mooring operations are stored in 
WKH2EVHUYDWLRQDO2FHDQRJUDSK\GHSDUWPHQWRI$:,DORQJZLWKRWKHUPRRULQJ
LQIRUPDWLRQGHSOR\PHQWSURWRFROVUHOHDVHFRGHVHWF3OHDVHFRQWDFW$QGUHDV
0DFUDQGHURU*HUG5RKDUGW$IWHUUHFRYHU\RIWKHUHVSHFWLYHPRRULQJWKHGDWDDQG
ÀJXUHVZLOOEHLQFOXGHGLQWKH3DQJDHDGDWDEDVH
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4 ANT4-2Df
PIES deployment failed, as PIES release broke when the mooring hit the bottom.
220
ANT-XXVII/2
6 ANT5-3D
PIES deployment. Note concentric circles during turns of Polarstern.
221
A.5 Posidonia operations 
7 ANT6-1D
PIES Deployment. Note depth offsets associated with false fixes.
222
ANT-XXVII/2
16 ANT11-4D
PIES Deployment. Note Depth and position offsets during mooring descent.
223
A.5 Posidonia operations 
21 ANT15-1R
PIES Recovery. Note good fixes and ship turns.
224
ANT-XXVII/2
34 AWI231-9D
Mooring Deployment. Note relatively unclear fixes. No reliable  final estimate obtained. 
225
A.5 Posidonia operations 
40 AWI245-2D
Mooring Deployment. Only 9 fixes were obtained, all at somewhat unlikely positions.
226
ANT-XXVII/2
43 AWI208-5R
Mooring Recovery. Open Posidonia array used for extensive search when mooring was 
blocked below an ice floe. 
227
A.5 Posidonia operations 
48 AWI216-3R
Mooring Recovery. Open Posidonia array used. 
228
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50 AWI207-7R
Mooring Recovery. Open Posidonia array used. 
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A.6 Pressure Inverted Echo Sounders (PIES) – Technical Report
$35(6685(,19(57('(&+26281'(563,(6
'85,1*$17;;9,,²7(&+1,&$/5(3257
Andreas Macrander, Olaf Boebel, Matthias Monsees, Stefanie Rettig, Olaf Strothmann, Jörg
Walter (Marine Observing Systems, AWI)
During Polarstern ANT-XXVII/2, 6 Pressure Inverted Echo Sounders (PIES) were recovered, 
and 13 deployed on the GoodHope / Greenwich section across the Antarctic Circumpolar 
Current (ACC). The recovery of 3 PIES failed; 1 PIES surfaced immediately after its deployment, 
and was recovered. 
,QWKHFUXLVHUHSRUWVFLHQWL¿FREMHFWLYHVZRUNDWVHDSUHOLPLQDU\UHVXOWVDQGVRPHWHFKQLFDO
remarks on mooring failures are discussed. The following technical report summarizes 
relevant issues on mooring design, mechanical failures of the releasers, and implications for 
PIES recoveries and deployments on future cruises. Evaluation of the Posidonia acoustic 
underwater location system for both PIES and “standard” mooring operations are summarized 
in a separate appendix. 
PIES mooring design
3,(6PHDVXUHWKHWUDYHOWLPHRIDQDFRXVWLFVLJQDOIURPVHDÀRRUWRVXUIDFHDQGEDFN7UDYHO
time varies with water depth, and sound speed, which depends largely on temperature. Further, 
pressure is measured with a resolution equivalent to +/- 1 mm changes of Sea Surface Height. 
Additionally, some PIES (referred to as “C-PIES”) are connected by a 50 m long cable to an 
acoustic Aanderaa Doppler Current Sensor 3820R (DCS) to measure local current speed. 
PIES developed and manufactured by the University of Rhode Island (URI, 2008) have been 
employed in hundreds of deployments in all oceans (Tracey et al., 2011).
)LJ3,(6PRRULQJGHVLJQV'UDZLQJVQRWWRVFDOHD2ULJLQDOGHVLJQKHUHIRU´VWDQGDUGµ3,(6DW
$17ZLWKDIUHHKDQJLQJNJZHLJKWDWWDFKHGWR3,(6UHOHDVHFRQÀJXUDWLRQ´&µE0RGLÀHG
design, here for C-PIES at ANT13-3 with current meter. Weight attached to stand; PIES attached to 
FURVVEDUZHOGHGLQWRWKHVWDQGFRQÀJXUDWLRQ´*µ
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The general mooring design used by AWI since 2002, and also during ANT-XXVII/2, is shown 
LQ)LJD7KH3,(6LV¿UPO\VHDWHGE\DIUHHO\KDQJLQJZHLJKWZLWKLQDVWHHOVWDQGWRHQVXUH
that the height of the instrument remains absolutely constant (c.f. pressure measurements) 
even under conditions of strong near-bottom currents. 
On the steel stand itself, there may be attached two PopUp modules to the sides of the PIES, 
which receive daily averaged data from the PIES via an IrDA link. The PopUp modules release 
independently of the PIES, and transmit the data via an Iridium satellite link. 
To the top, there may be attached different sets of equipment, depending on the actual mooring 
FRQ¿JXUDWLRQ7KHVHPD\LQFOXGHDQ,[VHD(7*WUDQVSRQGHUIRUXQGHUZDWHUORFDWLRQE\
3RODUVWHUQ¶V3RVLGRQLDV\VWHP1DXWLOXV9LWURYH[ÀRDWDWLRQDQG$DQGHUDD'&6FXUUHQWPHWHU
7KHVHFRPSRQHQWVDUHFRQQHFWHGZLWKWKH3,(6E\.HYODURUÀRDWLQJOLQHVDQGRUWKH'&6
FDEOH:HLJKWVEXR\DQF\IDFHDUHDDQGGUDJFRHI¿FLHQWDUHOLVWHGLQ7DE
Tab. 1 reveals that the 50 m long wires have the largest face area, whereas the contributions 
IURP LQVWUXPHQWVDQGÀRDWVDUHVPDOOHU+HQFH WKHGUDJ IRUFHGXH WRDE\VVDO FXUUHQWVZLOO
largely depend on the length and diameter of the lines used to connect the PIES with ET861 
WUDQVSRQGHUVDQGRUÀRDWV
7DEOH3,(6PRRULQJFRPSRQHQWV:HLJKWEXR\DQF\IDFHDUHDGUDJFRHI¿FLHQW
weight
in air
EXR\DQF\
in water
net
wt. in 
water
dimensi-
ons
face
area
cW
[kg] [kg] [kg] [m2]
Instruments / Floats
3,(6ZLWK$KEDWWHU\SDFN 38 48 - 10 51 cmØ 0.26 0.95
Ixsea ET861G Transponder 31 48 - 17 51 cmØ 0.26 0.95
1DXWLOXVµIORDW 22 48 - 26 51 cmØ 0.26 0.95
1DXWLOXVµGEDUIORDW 11.1 21.8 - 10.7 40 cmØ 0.16 0.95
$DQGHUDD'&6 ʜ ʜ ʜ 11 cmH
12 cmØ
0.01 1.30
PopUp module 17 22 - 5 40 mØ 0.16 0.95
Lines / cables
P'&6FDEOH
50 m Kevlar wire 9 mmØ
ʜ ʜ ʜ 1.4 cmØ 0.70 1.30
50 m kevlar line 9 mmØ 4.4 3.2 1.2 0.9 cmØ 0.45 1.30
50 m floating line 20 mmØ ʜ ʜ - 2.5 2.0 cmØ 1.00 1.30
50 m floating line 16 mmØ ʜ ʜ - 1.5 1.6 cmØ 0.80 1.30
P'\QHHPDOLQHPP 0.5 0.6 - 0.1 0.4 cmØ 0.20 1.30
Stand / Anchor
3,(6VWDQGPPVWHHO 32.4 4.6 27.8 300 cmL
2.5 cmØ
0.08 1.30
PIES stand (bottom ring 
PP
52.6 7.5 45.1 300 cmL
2.5 cmØ
0.08 1.30
2ULJLQDODQFKRUZHLJKWV85, 45 6.4 38.6 5 cmH
30 cmØ
0.02 1.30
Notes: Buoyancy of steel components assumes a steel density of 7850 kg m-3. Dimensions: 
GLDPHWHUKHLJKW+OHQJWK/(PSLULFDOGUDJFRHI¿FLHQWVF
w
 from Moordesign program (Dewey, 
2009; gear database extended by G. Rohardt, O. Strothmann, M. Monsees, A. Macrander). 
7KHGLIIHUHQWPRRULQJFRQ¿JXUDWLRQVKHUHWHUPHG$WR0DUHOLVWHGLQ7DE7KHFRQ¿JXUDWLRQV
A to E involve a heavy stand and free hanging weights, which have been deployed in the ACC 
array until 2008 (Böning et al., 2010; Klatt and Schulze, 2009), and at ANT3-3 and ANT4-2 in 
WKLVFUXLVHUHSRUW)WR*UHSUHVHQWWKHPRGL¿HGGHVLJQVXVHGLQDIWHU$17+
WR0UHSUHVHQWSRVVLEOHIXWXUHFRQ¿JXUDWLRQV
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7DEOH3,(6PRRULQJFRQ¿JXUDWLRQV
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PIES deployments 2008 and ANT3-3 and ANT4-2
A 1 / / / / 2 / / / / 10 / 52 50 89.0 20.3 PIES only (e.g. ANT3-2Rf)
B 1 1 / / / / / / 50 / / / 52 40 80.3 25.8 PIES+ET (2008 AWI standard)
C 1 1 / / / / / / / 50 / / 52 40 80.3 29.5 PIES+ET (e.g. ANT4-2Df)
D 1 1 1 / / / / / 100 / / / 52 40 80.3 50.6 3,(6(7´ÀRDW$17
E 1 1 1 / 1 / / 50 50 / / / 52 40 80.3 44.6 C-PIES+ET (2008 AWI standard)
PIES deployments 2010 after ANT4-2
F 1 1 / / / / / / / 50 / / 62 / 54.1 29.5 PIES+ET (2010 AWI standard)
G 1 1 1 / 1 / / 50 / 50 / / 92 / 80.3 48.3 C-PIES+ET(2010 AWI standard)
3RVVLEOHIXWXUHFRQ¿JXUDWLRQV
H 1 1 / / / / / / / / / 50 62 / 54.1 27.1 PIES+ET+4mm line
I 1 1 1 / 1 / / 50 / 20 / / 92 / 80.3 46.8 C-PIES+ET+shorter line
J 1 1 1 / 1 / / 50 / / / 20 92 / 80.3 45.8 C-PIES+ET+shorter 4mm line
K 1 1 / 1 1 / / 50 / / / 20 77 / 67.2 31.5 DVDERYHZLWK´ÀRDW
L 1 / 1 / 1 / 50 / / / / / 30 45 65.4 30.0 C-PIES (URI standard)
M 1 1 / / 1 / / 50 / / / / 62 / 54.1 19.8 C-PIES+ET only
1RWHV'&6FDEOHSDUDOOHOHGE\PP.HYODUZLUH$(SDVWFRQ¿JXUDWLRQVXQWLO$17
)*PRGL¿HGVWDQGDUGGXULQJ$17;;9,,+0SRVVLEOHIXWXUHFRQ¿JXUDWLRQV
Weight / buoyancy issues and descent / ascent speeds
7KHEXR\DQF\DQGZHLJKWGLVWULEXWLRQJUHDWO\LQÀXHQFHWKHGHVFHQWDQGDVFHQWVSHHGRIWKH
mooring. Too much weight (and too fast descent speed) may overstress the release mechanism 
RIWKH3,(6ZKHQWKHPRRULQJODQGVRQWKHVHDÀRRU/LWWOHZHLJKWRUORWVRIHTXLSPHQWDERYH
the PIES may cause the PIES stand to tip over due to drag in strong currents. 
7DEOHVDQGGRFXPHQWWKHDFWXDOFRQ¿JXUDWLRQVRIDOO3,(6VHUYLFHGGXULQJ$17;;9,,
and the ascent / descent speed observed by Posidonia. 
The vertical movement of the mooring assemblies depends almost linearly on net buoyancy 
(Fig. 2); descent speeds are comparatively slower due to the additional drag caused by the 
steel stand. The values agree well with those found during ANT-XXV/2 (Böning et al., 2010). 
Descent speeds of > 1 m s-1 appear to be critical. The PIES at ANT4-2 which descended with 
1.25 m s-1ORVWLWVZHLJKWLPPHGLDWHO\XSRQKLWWLQJWKHVHDÀRRUDQGUHWXUQHGWRWKHVXUIDFH
The anode wire was bent open, allowing the release bolt to leave its place. A further weak point 
DSSHDUVWREHWKH¿UPVHDWRIWKHDQRGHZLUHZLWKLQWKHDQRGHFRQQHFWRU$W$17WKHZLUH
ZDVSXOOHGRXWRIWKHVHDWE\VHYHUDOPPMXVWE\WKHNJZHLJKWRQGHFN,WLVYHU\OLNHO\WKDW
this PIES also would have been lost, if it would have been deployed with this defective anode 
wire.
Beginning with ANT5-3, the in-water net weight was reduced to 25 kg (PIES; C-PIES: 32 kg) 
to reduce the descent speed to approx. 0.9 m s-1. The PIES was attached to a new crossbar 
welded into the stand, which avoids any excess stress when the stand decelerates upon hitting 
WKHVHDÀRRU:HH[SHFWWKDWWKHVKRUW.HYODUZLUHXVHGWRDWWDFKWKH3,(6GRHVQRWOHQJWKHQ
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VLJQL¿FDQWO\ RYHU WLPH RWKHUZLVH WKH SUHVVXUH WLPH VHULHV ZRXOG EH FRQWDPLQDWHG E\ WKH
vertical displacement of the PIES. 
Table 3: PIES recoveries during ANT-XXVII/2. Mooring weights and ascent speed. 
Station Date 0RRULQJ&RQ¿JXUDWLRQ Net
buoy-
ancy
Ascent
speed
Remarks
Event #: Release time
Mooring ID Surface time
PS77/013-2
1: ANT3-2Rf
30.11.2010
03:44 / never
3,(6PÀRDWOLQHRQO\ A 10.3 kg 0 no contact to 
PIES
PS77/014-2
3: ANT4-1Rf
01.12.2010
07:35 / never
PIES #071 +ET861 #462 B 25.8 kg 0 no contact to 
PIES and ET
PS77/014-3
4: ANT4-2Df
01.12.2010
11:20 / 12:45
PIES #069 +ET861 #469 B 25.8 kg -1.04 m s-1
PS77/015-2
5: ANT5-2R
02.12.2010
05:53 / 07:13
PIES #062 +ET861 #470 +17” 
ÀRDW
D 50.6 kg -1.19 m s-1 tipped over 
¿UVWPRQWKV
PS77/017-1
8: ANT7-3R
03.12.2010
14:06 / 15:30
C-PIES #184 +DCS #753
(7´ÀRDW
E 44.6 kg -1.28 m s-1
PS77/019-1
11: ANT9-2R
05.12.2010
08:02 / 09:40
PIES #113 +ET861 #388 B 25.8 kg -0.91 m s-1
PS77/020-1
13: ANT10-1Rf
06.12.2010
01:31 / never
PIES #135 +ET861 #390
(+2 PopUps)
B 25.8 kg 0 no contact to 
PIES and ET
PS77/021-1
15: ANT11-3R
06.12.2010
19:05 / 20:33
PIES #189 +ET861 #386 B 25.8 kg -0.77 m s-1
PS77/026-1
18: ANT13-2R
08.12.2010
09:11 / 10:08
PIES #125 +ET861 #471 B 25.8 kg -0.93 m s-1
PS77/038-1
21: ANT15-1R
11.12.2010
06:43 / 08:06
C-PIES #074, no DCS, 
+ET861 #467
B 25.8 kg -1.07 m s-1
Table 4: PIES deployments during ANT-XXVII/2. Mooring weights and descent speed. 
Station Date
Deployment 
time
0RRULQJ&RQ¿JXUDWLRQ Frame + 
anchor
weight
Buoy-
ancy
PIES+
ÀRDWV
Total net 
buoy-
ancy
Descent
speed
Remarks
Event #:
Mooring ID
PS77/013-3
2: ANT3-3D
30.11.2010
06:31
PIES #058 +ET861 #637 C 45.4 kg
+34.9 kg
29.5 kg -50.8 kg 1.18 m s-1
PS77/014-3
4: ANT4-2Df
01.12.2010
10:13
PIES #069 +ET861 #469 C 45.4 kg
+34.9 kg
29.5 kg -50.8 kg 1.25 m s-1 r e l e a s e r 
failed
PS77/015-3
6: ANT5-3D
02.12.2010
08:05
C-PIES #182, no DCS, 
+ET861 #469
F 54.1 kg 29.5 kg -24.6 kg 0.91 m s-1
PS77/016-1
7: ANT6-1D
02.12.2010
22:17
PIES #069 +ET861 #384 F 54.1 kg 29.5 kg -24.6 kg 0.86 m s-1
PS77/017-2
9: ANT7-4D
03.12.2010
18:37
C-PIES #181 +DCS #750
(7´ÀRDW
G 80.3 kg 48.3 kg -32.0 kg 1.03 m s-1
PS77/018-1
10: ANT8-1D
04.12.2010
14:55
C-PIES #183 +DCS #751
(7´ÀRDW
G 80.3 kg 48.3 kg -32.0 kg 0.95 m s-1
PS77/019-2
12: ANT9-3D
05.12.2010
10:20
C-PIES #251 +DCS #26
(7´ÀRDW
G 80.3 kg 48.3 kg -32.0 kg NaN no Posid. 
reception
PS77/020-2
14: ANT10-2D
06.12.2010
03:58
C-PIES #250 +DCS #31
(7´ÀRDW
G 80.3 kg 48.3 kg -32.0 kg NaN no Posid. 
reception
PS77/021-3
16: ANT11-4D
07.12.2010
00:13
C-PIES #249 +DCS #24
(7´ÀRDW
G 80.3 kg 48.3 kg -32.0 kg 0.93 m s-1
PS77/022-1
17: ANT12-1D
07.12.2010
10:52
PIES #062 +ET861 #612 F 54.1 kg 29.5 kg -24.6 kg 0.90 m s-1
PS77/026-2
19: ANT13-3D
08.12.2010
11:23
C-PIES #252 +DCS #32
(7´ÀRDW
G 80.3 kg 48.3 kg -32.0 kg 0.94 m s-1
PS77/034-1
20: ANT14-1D
10.12.2010
04:15
PIES #191 +ET861 #638 F 54.1 kg 29.5 kg -24.6 kg 0.83 m s-1
PS77/042-2
25: ANT15-2D
11.12.2010
18:51
PIES #189 +ET861 #614 F 54.1 kg 29.5 kg -24.6 kg 0.93 m s-1
PS77/053-1
27: ANT17-1D
14.12.2010
23:45
PIES #125 +ET861 #601 F 54.1 kg 29.5 kg -24.6 kg NaN no Posid. 
reception
1RWHV$OOZHLJKWVDQGEXR\DQF\YDOXHVLQZDWHUFI7DEIRUFRQ¿JXUDWLRQV7DE
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Fig. 2: Observed ascent and descent speed during PIES recoveries (red V and deployments (blue 
V) as a function of net buoyancy. Note that for better comparison, both recoveries and deployments 
have been plotted with the absolute values of speed and net buoyancy. 
Drag and tipping issues
Abyssal currents imply a drag force on mooring components. While the upper part of the 
3,(6PRRULQJHJZLUHV(7WUDQVSRQGHUVDQG´ÀRDWVPD\OHDQWRWKHVLGHDVLQDQ\
conventional mooring, the tilting moment due to buoyancy and drag which acts on the stand 
may tip the PIES stand over to the side. 
So far, drag was not considered critical, as only few PIES have been lost in the past. However, 
during ANT-XXVII/2, weight was reduced to lower the mechanical stress acting on the release. 
)XUWKHUPORQJDQGPPWKLFNÀRDWLQJOLQHVKDYHZHUHLQWURGXFHGIRUFRQQHFWLRQRIWKH
WRSÀRDW:KLOHWKLVLPSURYHVUHFRYHU\KDQGOLQJLWDOVRLQFUHDVHVGUDJ7KDWWLSSLQJLVDFWXDOO\
SRVVLEOHLVDOVRVXJJHVWHGE\WKHSUHVVXUHWLPHVHULHVIURPWKH¿UVWPRQWKVRIWKH$17
deployment; later the PIES appears to have been uprighted by a favourable current (c.f. this 
cruise report). 
Here, drag and critical velocities which may cause the PIES stand to tip over are assessed. 
To estimate the critical current velocity which causes the PIES to tip over, the uprighting 
moment M
g
 = F
g
 r (weight), and the tilting moments M
B
 = F
B
 r (buoyancy) and M
D
 = F
D
 h (drag) 
need to be in balance (Fig. 3). 
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Fig. 3: Sketch of forces and moments acting on a PIES mooring. 
The drag force F
D
 can be estimated roughly by 
F
D
 = ½ l A c
w
 v2 (1)
with l density of seawater, AIDFHDUHDRIWKHPRRULQJFRPSRQHQWV7DEGUDJFRHI¿FLHQWc
w
= 0.95 ... 1.30  (Tab. 1), and current velocity v.
7RFRPSDUHWKHGLIIHUHQWPRRULQJFRQ¿JXUDWLRQVGUDJIRUFHDQGPRPHQWKDYHEHHQFDOFXODWHG
using Eq. 1, and the Matlab® program Moordesign (Dewey, 2009), which has proven as a 
reliable tool to estimate drag also on larger AWI moorings (G. Rohardt, pers. comm.). In the 
WXUEXOHQWERWWRPERXQGDU\ OD\HUFXUUHQWYHORFLW\ LQFUHDVHVZLWKKHLJKWDERYH WKHVHDÀRRU
For a geostrophic current velocity of 0.50 m s-1DUHDOLVWLFQHDUERWWRPSUR¿OHEDVHGRQ$'&3
measurements (Macrander, 2004) is given in Tab. 5. Note that 50 m above the ground, where 
the DCS current meter of a C-PIES is located, the current speed attains about 90% of the 
geostrophic current of the open water.  
7DE&XUUHQWSUR¿OHXVHGIRUGUDJVLPXODWLRQV
7KLV VKHDUHG FXUUHQW SUR¿OHZDV XVHG WR HVWLPDWH GUDJ IRUFHV)
D
, and tilting moments M
D
acting on the different PIES moorings (Tab. 6). Secondly, the critical geostrophic velocity which 
causes the PIES stand to tip over (i.e. M
D
 > M
g
+M
B
), was estimated. Finally, the critical velocity, 
DVVXPLQJDUDWKHUXQUHDOLVWLFXQLIRUPFXUUHQWSUR¿OHZDVFDOFXODWHG
v current velocity
r = 0.61 m  lower ring radius
(lever arm for F
g
 and F
B
)
h = 0.93 m  stand height + ½ PIES 
height
(lever arm for F
D
)
h
1
 = 0.68 m  stand height
(lever arm for F
D
 from PIES, not 
shown)
Height above bottom
[m]
v
[m s-1]
120 0.50
80 0.50
50 0.45
10 0.25
5 0.22
1 0.18
0 0.18
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7DEOH3,(6PRRULQJFRQ¿JXUDWLRQVDQGFULWLFDOFXUUHQWYHORFLWLHV
vertical forces horizontal forces M
total
 =
M
g
+M
B
-M
D
v
max
sheared
SUR¿OH
below
80 m
v
max
uni-
form
SUR¿OH
&RQ¿J Stand
weight
Instr. 
Buoy.
M
g
+M
B
F
D
PIES
F
D
wires,
ET
M
D
PIES+
wires
etc.
Remarks
[kg] [kg] [Nm] [N] [N] [Nm] [Nm] [m s-1] [m s-1]
PIES deployments 2008 and ANT3-3 and ANT4-2
A 89.0 20.3 411 11 5 7+5 399 2.92 1.24 PIES only (e.g. ANT3-2Rf)
B 80.3 25.8 326 6 51 4+47 275 1.26 0.85 PIES+ET (2008 AWI standard)
C 80.3 29.5 304 6 83 4+77 223 0.97 0.69 PIES+ET (e.g. ANT4-2Df)
D 80.3 50.6 178 6 140 4+130 44 0.58 0.47 3,(6(7´À$17WLSSHG
E 80.3 44.6 214 6 153 4+142 68 0.61 0.49 C-PIES+ET (2008 AWI standard)
PIES deployments 2010 after ANT4-2
F 54.1 29.5 147 6 83 4+77 66 0.67 0.48 PIES+ET (2010 AWI standard)
G 80.3 48.3 191 6 207 4+193 -6 0.49 0.42 C-PIES+ET(2010 AWI standard)
3RVVLEOHIXWXUHFRQ¿JXUDWLRQV
H 54.1 27.1 162 6 36 4+33 125 1.05 0.69 PIES+ET+4mm line
I 80.3 46.8 200 6 145 4+135 61 0.60 0.47 C-PIES+ET+shorter line
J 80.3 45.8 206 6 106 4+99 103 0.71 0.52 C-PIES+ET+shorter 4mm line
K 67.2 31.5 214 6 91 4+85 125 0.78 0.57 DVDERYHZLWK´ÀRDW
L 65.4 30.0 212 6 54 4+50 158 0.99 0.67 C-PIES (URI standard)
M 54.1 19.8 205 6 60 4+56 145 0.92 0.65 C-PIES+ET only
1RWHV$OO IRUFHVDQGPRPHQWVFDOFXODWHGXVLQJ WKHVKHDUHGFXUUHQWSUR¿OHZLWKPV-1
above the bottom boundary layer (Tab. 5), except the critical current velocities v
max
.
The critical current velocities range between 2.92 m s-1IRUDVLQJOH3,(6FRQ¿JXUDWLRQ$DQG
0.49 m s-1IRUD&3,(6ZLWK(7FRQQHFWHGZLWKD´ÀRDWE\DPORQJPPÀRDWLQJ
OLQHFRQ¿JXUDWLRQ*
While the average abyssal current velocity in the ACC is well below these values, they may 
be exceeded locally. The only C-PIES current meter data from the ACC array available so 
far come from ANT11-2 near the Polar Front. Here, maximum daily averages of 0.25 m s-1
have been observed 50 m above the bottom (i.e. 0.28 m s-1 geostrophic current, assuming 
WKHVKHDUHGSUR¿OHIURP7DE7KHPD[LPXPFXUUHQWVSHHGVQRWUHWULHYHGDVWKH&3,(6
was lost during its recovery; c.f. Böning et al., 2010) may have been higher. So the observed 
WLSSLQJRI$17FRQ¿JXUDWLRQ³'´ZLWKDFULWLFDOYHORFLW\RIPV-1 may well be explained 
by drag. 
Implications for future deployments 
Buoyancy vs. weight
:KHWKHUWKHPRGL¿HGGHVLJQFKRVHQGXULQJ$17;;9,,3,(6DWWDFKHGWRFURVVEDULQVWHDG
RIKDQJLQJZHLJKWLVXQFULWLFDOWRWKHSUHVVXUHWLPHVHULHVQHHGVWREHDVVHVVHGDIWHUWKH¿UVW
recoveries of these PIES. Otherwise, a return to hanging weights as recommended by URI 
should be considered. In order to stay within the load range accepted by URI, the overall net 
weight in water should remain below 35 kg. This ensures descent speeds <1 ms-1. In this case, 
a freely hanging weight of 40 kg should not overstress the PIES release, provided that all PIES 
releases pass stress-testing before deployment. The hanging weight could be supported by 
corrosion links which dissolve a few days after the deployment. This solution would solve the 
RYHUVWUHVVLQJSUREOHPDQGHQVXUHWKDWWKH3,(6LVVHDWHG¿UPO\LQWKHVWDQGHYHQDIWHU\HDUV
whereas lines may lengthen over time. An additional safety line to the bottom ring of the stand 
prevents the loss of the instrument in case of weld failure at the weight. 
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Drag and tipping
Tipping of the stand depends on the drag. In fact, a large part of the drag is caused by the 
IDFHDUHDRI WKH OLQHV FRQQHFWLQJ WKH3,(6ZLWK WKH(7 WUDQVSRQGHU DQG ÀRDWV'XULQJ
$17;;9,, ÀRDWLQJ OLQHV KDYH EHHQ XVHG LQVWHDG RI WKH .HYODU OLQHV XVHG LQ SUHYLRXV
GHSOR\PHQWV7KHKLJKO\YLVLEOHZKLWHÀRDWLQJOLQHVJUHDWO\ LPSURYHWKHUHFRYHU\SURFHGXUH
For future deployments, however, thinner and shorter lines should be considered to reduce the 
GUDJ7KHPOHQJWKEHWZHHQ3,(6DQG¿UVWÀRDWVKRXOGQRWEHUHGXFHGDVDFORVHUGLVWDQFH
PD\DIIHFW WKHDFRXVWLF SDWKZD\+RZHYHU IRU&3,(6PRRULQJV WKH VHFRQGÀRDWPD\EH
DWWDFKHGRQO\PDERYHWKH(7XVLQJDWKLQQHUPP'\QHHPDOLQHFRQ¿JXUDWLRQV-
DQG.7KHPRRULQJVLPXODWLRQUHYHDOHGIXUWKHUWKDWHYHQWKH(7DORQHPD\KDYHVXI¿FLHQW
EXR\DQF\WRNHHSWKHFXUUHQWPHWHUXSULJKWFRQ¿JXUDWLRQ07KLVVHWXSKDVDFULWLFDOFXUUHQW
velocity of 0.92 m s-1, and comes rather close to the values of the original URI design (L). 
Posidonia monitoring
In all deployments, the descent of the mooring should be monitored with the ship’s Posidonia 
GHYLFHXQWLOLWKDVEHHQYHUL¿HGWKDWWKH3,(6UHPDLQVRQWKHVHDÀRRU7KLVSURFHGXUHHQVXUHV
that the PIES does not ascend unnoticed after to a possible release failure. 
PopUps
The design of the PopUp modules requires a revision, as so far, only two PopUps retrieved 
actual data from PIES. In case of ANT10-1, the PopUp records end on 30-12-2009, several 
months before the PopUp released according to its pre-programmed schedule. It is unclear if 
this points to a loss of the PIES on 30-12-2009, alignment problems of the IrDA connection, 
or malfunction of the PIES or PopUp. Neither PIES nor ET861 could be located during ANT-
XXVII/2. As it appears unlikely that both instruments failed concurrently, a loss of the PIES on 
30-12-2009, possibly due to a corroded weld on its anchor weight, may be a likely scenario. 
The PopUps that are scheduled for deployment during ANT-XXVIII/2 have a completely 
new designed mainboard which should avoid malfunctions which were observed in previous 
PopUps.
Pinger Charger Alert 2011
In July 2011, University of Rhode Island became aware of a hardware problem (Watts and 
Sousa, 2011), which may affect some newer PIES; at AWI these are the new C-PIES S/N 
249, 250, 251 and 252. In these instruments, the PIES might not transmit sampling pings in 
deep deployments, as the pinger charger may not reach the required voltage. However, as all 
these C-PIES passed on-board tests even at maximum output level of 197 dB re1µPa@1m 
prior to their deployment, it is likely, that they will work correctly also in the ocean (E. Sousa, 
pers. comm.). An advanced recovery to solve the Pinger Charger issue appears not urgent, 
as the pinger charger alert has no negative effects on power consumption, temperature / 
pressure / current sampling, acoustic pings during recovery, and the function of the releaser 
and relocation module. 
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